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(54) Abstract Title: Magnetic detecting element (eg spin valve) for a hard disk drive 



(57) A magnetic detecting element has an antiferromagnetic 
layer 30 with a central gap C in the track width Tw 
direction. The antiferromagnetic layer 30 contacts. a 
pinned magnetic layer 26 only at the side regions 29a of a 
top sub-layer 29 of the pinned layer 26. The pinned layer 
26 comprises two magnetic layers 27, 29 separated by a 
nonmagnetic layer 28. The two layers 27,29 have 
antiparallel magnetisation. A free magnetic layer 24 is 
provided under the pinned layer, pinned and free being 
separated by a nonmagnetic layer 25. A magnetisation 
control layer 23 made of antiferromagnetic material 
controls the magnetisation of the free magnetic layer 24. 
Sensing current passes through the multilayer structure 
between two electrodes 33. 
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MAGNETIC DETECTING ELEMENT HAVING ANTI FERROMAGNETIC FILM 
HAVING PREDETERMINED SPACE IN TRACK WIDTH DIRECTION AND 
METHOD FOR MANUFACTURING THE SAME 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a magnetic detecting 
element such as a spin valve thin film element mounted on a 
hard disk device or the like. Particularly, the present 

10 invention relates to a magnetic detecting element comprising 
a pinned magnetic layer and first antiferromagnetic layer 
whose structures are optimized for properly pinning 
magnetization of the pinned magnetic layer, improving 
reproduction output, and properly complying with a narrower 

15 gap, and a method for manufacturing the magnetic detecting 
element . 

2. Description of the Related Art 

Fig. 63 is a partial sectional view of a conventional 
magnetic detecting element (spin valve thin film element) , as 
20 viewed from a surface facing. a recording medium. 

In Fig. 63, reference numeral 1 denotes an 
antiferromagnetic layer made of PtMn or the like, a pinned 
magnetic layer 2 made of a NiFe alloy, a nonmagnetic material 
layer 3 made of Cu, and a free magnetic layer 4 made of a 
25 NiFe alloy being laminated on the antiferromagnetic layer 1. 

As shown in Fig. 63, permanent -magnet layers 5 are 
formed on both sides of these layers in the track width 
direction (the X direction shown in the drawing) , the layers 
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ranging from the antiferromagnetic layer 1 to the free 
magnetic layer 4, and electrode layers 6 are formed on the 
respective permanent -magnet layers 5. 

In the magnetic detecting element shown in Fig. 63, 
5 magnetization of the pinned magnetic layer 2 is pinned in the 
Y direction shown in the drawing by an exchange coupling 
magnetic field produced between the antiferromagnetic layer 1 
and the pinned magnetic layer 2. On the other hand, 
magnetization of the free magnetic layer 4 is oriented in the 
10 X direction by a longitudinal bias magnetic field from each 
of the permanent magnet layers 5 provided on both sides of 
the free magnetic layer 4. 

When an external magnetic field enters into the magnetic 
detecting element shown in Fig. 63 from the Y direction, the 
15 magnetization of the free magnetic layer 4 varies to exhibit 
a magnetoresistive effect in relation to the pinned 
magnetization of the pinned magnetic layer 2 magnetized in 
the height direction (the Y direction) , reproducing an 
external signal. 

20 However, the structure of the magnetic detecting element 

shown in Fig. 63 has the following problems. 

A sensing current from the electrode layers 6 preferably 
mainly flows through the nonmagnetic material layer 3 without 
shunting to the antiferromagnetic layer 1. However, in the 

25 structure shown in Fig. 63, the sensing current easily shunts 
to the antiferromagnetic layer 1 formed below the bottom of 
the pinned magnetic layer 2 to cause a current loss, thereby 
causing the problem of decreasing reproduction output. In 
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the magnetic detecting element shown in Fig. 63, a track 
width Tw is determined by the width dimension of the upper 
surface of the free magnetic layer 4 in the track width 
direction (the X direction) . However, the decrease in 
5 reproduction output becomes more significant as the track 

width Tw decreases, and thus a shunt sensing current shunting 
to the antiferromagnetic layer 1 has a considerable problem. 

Also, the antiferromagnetic layer 1 is thicker than the 
layers laminated thereon. One of the reasons for this is 

10 that a large exchange coupling magnetic field is produced 

between the antiferromagnetic layer 1 and the pinned magnetic 
layer 2, for appropriately pinning the magnetization of the 
pinned magnetic layer 2. However, the above -de scribed 
current loss increases due to the large thickness of the 

15 antiferromagnetic layer 1, and the d tance between shield 
layers 7 and 8 formed at the top and bottom of the magnetic 
detecting element in the thickness direction (the Z direction 
shown in the drawing) cannot be decreased, failing to 
manufacture the magnetic detecting element adaptable for a 

20 narrower gap. 

Furthermore, as shown in Fig. 63, when the 
antiferromagnetic layer 1 is formed below the entire bottom 
of the pinned magnetic layer . 2 , a magnetic detecting element 
resistant to electrostatic damage (ESD) cannot be 

25 manufactured. This is because a sensing current from the 
electrode layers 6 generates heat in the element, and 
magnetization of the pinned magnetic layer 2 which should be 
pinned in the Y direction is easily fluctuated by the effect 
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of a transient current due to the ESD. Heat generation to a 
temperature lower than the blocking temperature of the 
ant i ferromagnetic layer 1 is not a large problem. However, 
at present, the element decreases in size, and thus heat at a 
5 temperature over the blocking temperature is generated in the 
element, thereby causing a magnetic electrostatic damage 
phenomenon called "soft ESD" in which the exchange coupling 
magnetic field produced between the antif erromagnetic layer 1 
and the pinned magnetic layer 2 weakens to fluctuate the 

10 magnetization of the pinned magnetic layer 2. 

The structure of an exchange coupling film comprising 
the pinned magnetic layer 2 and the antif erromagnetic layer 1 
is not limited to a simple structure in which the two layers 
are simply laminated as shown in Fig. 63 . An improved 

15 structure of the above -described structure of the exchange 
coupling film, and a self pinning- system pinned magnetic 
layer are disclosed in some documents. 

For example, Fig. 64 illustrates a magnetic detecting 
element transcribed from Fig. 1 of Japanese Unexamined Patent 

20 Application Publication No. 2000-163717 (referred to as 
"Patent Document 1" hereinafter) . Fig. 64 is a partial 
sectional view of the magnetic detecting element, as viewed 
from a surface facing a recording medium. In Fig. 64, the 
same reference numerals as in Fig. 63 denote the same layers 

25 as in Fig. 63, and reference numerals 9 and 10 each denote a 
gap layer. 

As shown in Fig. 64, the antif erromagnetic layer 1 has a 
thin portion 11 provided at its center in the track width 
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direction and different in thickness from both sides. Patent 
Document 1 discloses that the thin portion 11 has a weak 
force for directly pinning the magnetization of the pinned 
magnetic layer 2, while the magnetization pinning force 
5 exerted in both side portions of the antif erromagnetic layer 
1 having a sufficient thickness compensates for the weak 
magnetization pinning force in the central potion of the 
pinned magnetic layer 2, thereby preventing deterioration in 
characteristics . 

10 However, the above-described problems remain unsolved by 

the structure of the magnetic detecting element disclosed in 
Patent Document 1. Even if the thin portion 11 is formed at 
the center of the antif erromagnetic layer 1, the sensing 
current from the electrode layers 6 shunts to the thin 

15 portion 11 to cause a current loss, and electrostatic damage 
also easily occurs. Also, when the thin portion 11 is formed 
at the center of the antif erromagnetic layer 1, the exchange 
coupling magnetic field produced between the 
antif erromagnetic layer 1 and the pinned magnetic layer 2 

20 decreases to apparently decrease the force of pinning the 
magnetization of the pinned magnetic layer 2, as compared 
with the force of pinning the magnetization of the pinned 
magnetic layer 2 of the magnetic detecting element shown in 
Fig. 63. 

25 If the thin portion 11 of the antif erromagnetic layer 1 

is significantly decreased for decreasing the current loss, 
the exchange coupling magnetic field does not occur between 
the thin portion 11 and the pinned magnetic layer 2. 
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Therefore, even when magnetization is strongly pinned between 
both side portions of the pinned magnetic layer 2 and the 
ant i ferromagnetic layer 1, as described in Patent Document 1, 
the magnetization of the central portion of the pinned 
5 magnetic layer 2 is controlled only by a bias magnetic field 
through an exchange interaction within the magnetic layer, 
and thus the magnetization of the central portion cannot be 
strongly pinned. Therefore, the magnetization of the central 
portion easily varies with an external magnetic field to 
10 possibly inevitably cause deterioration in the reproduction 
output . 

Fig. 65 shows a portion of the magnetic detecting 
element transcribed from Fig. 5 of Japanese Unexamined Patent 
Application Publication No. 8-7325 (referred to as "Patent 
15 Document 2" hereinafter) . Fig. 65 is a partial sectional 
view of the magnetic detecting element, as viewed from a 
) surface facing a recording medium. In Fig. 65, the same 

reference numerals as in Fig. 63 denote the same layers as in 
Fig. 63. 

20 The magnetic detecting element shown in Fig. 65 

comprises the pinned magnetic layer 2 having a three -layer 
structure including two magnetic layers 12 and 14, and a 
nonmagnetic layer 13 interposed therebetween. In Patent 
Document 2, the pinned magnetic layer 2 is referred to as an 

25 "automatically pinned layer". As shown in Fig. 65, the 

ant i ferromagnetic layer 1 for pinning the magnetization of 
the pinned magnetic layer 2 is not provided. Patent Document 
2 discloses that the tow magnetic layers 12 and 14 
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constituting the pinned magnetic layer 2 are magnetized in 
opposite directions and automatically pinned, and the 
magnetizations of the magnetic layers 12 and 14 are not 
rotated even when an external applied magnetic field enters. 
5 However, when the magnetization of the pinned magnetic 

layer 2 is pinned only by a magnetic field produced between 
the magnetic layers 12 and 14 of the pinned magnetic layer 2 
without using a bias means such as the antif erromagnetic 
layer 1, as shown in Fig. 65, the magnetizations of the 
10 magnetic layers are easily rotated by various factors such as 
the magnitude of the external magnetic field, etc. while 
maintaining an antiparallel state, or the antiparallel state 
is easily broken to cause deterioration in the reproduction 
output . 

15 Even when the pinned magnetic layer 2 has the above- 

described three -layer structure, the degree of a magnetic 
moment per unit area of each of the magnetic layers 12 and 14 
necessary for causing the pinned magnetic layer 2 to function 
as the "automatically pinned layer" described in Patent 

20 Document 2 is not apparently defined. 

The magnetic detecting element disclosed in Japanese 
Unexamined Patent Application Publication No. 8-7235 
(referred to as "Patent Document 3" hereinafter) comprises a 
buffer layer 62 serving as an underlying layer and made of 

25 tantalum (Ta) , and a pinned ferromagnetic layer 70 laminated 
thereon. The pinned ferromagnetic layer 70 comprises a first 
cobalt (Co) film 72 and a second cobalt (Co) film 74 which 
are laminated with a ruthenium (Ru) film 73 provided 
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therebetween. The magnetization of each of the first and 
second cobalt (Co) films 72 and 74 is pinned by an 
anisotropic magnetic field. The first and second cobalt (Co) 
films 72 and 74 are antif erromagnetically coupled with each 
5 other and magnetized in antiparallel directions. 

However, it was found that in the structure of the 
magnetic detecting element disclosed in Patent Document 3 in 
which the Co films are laminated on the buffer layer made of 
tantalum, the magnetization direction of the pinned 

10 ferromagnetic layer 70 cannot be appropriately pinned. This 
is also suggested in Japanese Unexamined Patent Application 
Publication No. 2000-113418 (referred to as "Patent Document 
4" hereinafter) . 

The magnetic detecting element disclosed in Patent 

15 Document 4 is devised for solving the problem of Patent 
Document 3. In the magnetic detecting element, a 
ferromagnetic film of a laminated f errimagnetic pinned layer 
is made of CoFe or CoFeNi to improve induced anisotropy. 
Patent Document 4 also discloses that an underlying 

20 layer made of Ta is provided below the laminated 

f errimagnetic pinned layer. However, the results (Figs. 4, 5, 
6, and 7 of Patent Document 4) of the experiments carried out 
for comparing a case using the Ta underlying layer and a case 
not using the Ta underlying layer indicate that in the use of 

25 a CoFe alloy for the ferromagnetic layer, both a change in 
magnetoresistance and coercive force are increased when the 
Ta underlying layer is not provided. 

Patent Document 4 also discloses that in order to 
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increase the induced anisotropy of the laminated 
ferrimagnetic pinned layer, a CoFe alloy is used for the 
ferromagnetic film, and magnetostriction of the ferromagnetic 
film is made positive. 
5 The most important factor for pinning the magnetization 

of the self pinning -system pinned magnetic layer is uniaxial 
anisotropy derived from the magnetoelastic energy of the 
pinned magnetic layer. Particularly, it is important to 
optimize the magnetostriction of the pinned magnetic layer. 
10 However, in Patent Document 4, no consideration is given to a 
mechanism for optimizing the magnetostriction of the pinned 
magnetic layer, and a specific structure for optimizing the 
magnetostriction of the pinned magnetic layer is not 
described. 

15 As described above, there has been conventionally no 

structure capable of strongly pinning the magnetization of a 
pinned magnetic layer , improving reproduction output, and 
appropriately complying with a narrower gap and electrostatic 
damage . 

20 

SUMMARY OF THE INVENTION 

The present invention has been achieved for solving the 
above problems, and an object of the present invention is to 
provide a magnetic detecting element comprising a pinned 
25 magnetic layer and a first antif erromagnetic layer whose 

structures are optimized for properly pinning magnetization 
of the pinned magnetic layer, improving reproduction output, 
and properly complying with a narrower gap or the like, and a 
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method for manufacturing the magnetic detecting element. 

A magnetic detecting element of the present invention 
comprises a multilayer film comprising a first 
ant i ferromagnetic layer, a pinned magnetic layer, a 
5 nonmagnetic material layer and a free magnetic layer, which 
are laminated in that order on a substrate, and a 
magnetization control layer for controlling magnetization of 
the free magnetic layer, wherein the pinned magnetic layer 
comprises a first magnetic layer extending in the track width 

10 direction in contact with the first ant i ferromagnetic layer, 
a second magnetic layer facing the first magnetic layer in 
the thickness direction, and a nonmagnetic intermediate layer 
interposed between the first and second magnetic layers, the 
magnetizations of the first and second magnetic layers being 

15 antiparallel to each other, the first antif erromagnetic layer 
has a predetermined space formed at its center in the track 
width direction so that the first antif erromagnetic layer is 
in contact with both side portions of the first magnetic 
layer in the thickness direction, and the electric resistance 

20 in the space changes in relation to the magnetization 

direction of the free magnetic layer and the magnetization 
direction of the second magnetic layer. ... 

The above -described magnetic detecting element of the 
present invention is characterized in that the pinned 

25 magnetic layer comprises the first and second magnetic layers, 
and the nonmagnetic layer interposed between both magnetic 
layers, and the first antif erromagnetic layer in contact with 
the first magnetic layer in the thickness direction has the 
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predetermined space at its center in the track width 
direction. 

In the present invention, the magnetizations of both 
side portions of the pinned magnetic layer are pinned by an 
5 exchange coupling magnetic field produced between the pinned 
magnetic layer and the first ant i ferromagnetic layer and an 
antiparallel coupling magnetic field due to a RKKY 
interaction produced between the first and second magnetic 
layers. On the other hand, the antiparallel coupling 

10 magnetic field due to the RKKY interaction also occurs in the 
central portion of the pinned magnetic layer. Therefore, the 
magnetization of the central portion of the pinned magnetic 
layer can be strongly pinned, as compared with the magnetic 
detecting element shown, in Fig. 64 in which the pinned 

15 magnetic layer has a single layer structure, and the 

magnetization of the central portion is pinned only by a bias 
magnetic field through an exchange interaction within the 

magnetic layer. 

The quality of magnetization pinning in the central 

20 portion of the pinned magnetic layer depends upon the width 
dimension of the space formed at its center of the first 
ant i ferromagnetic layer in the track width direction. 
However, according to the experiments below, it is found that 
with the space of about 0.2 pm, the magnetization of the 

25 central portion of the pinned magnetic layer can be 

sufficiently securely pinned. At present when a magnetic 
element is aimed at a track width Tw of 0.1 \im or less, the 
space of 0.2 urn or less can be formed without any technical 
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difficulty. Therefore, in the present invention, an exchange 
coupling film comprising the first antif erromagnetic layer 
and the pinned magnetic layer can be easily and properly 
manufactured . 

5 In the present invention, the first antif erromagnetic 

layer has the predetermined space at its center in the track 
width direction so as not to produce an exchange coupling 
magnetic field between the center of the first 
antif erromagnetic layer and the pinned magnetic layer. 
10 Therefore, a nonmagnetic metal layer having the same 

composition as the first antif erromagnetic layer is not or 
thinly formed in the space. Thus, a sensing current can be 
prevented from shunting to the central portion of the first 
antif erromagnetic layer, thereby improving the reproduction 
15 output and achieving a narrower gap. Furthermore, the first 
antif erromagnetic layer is not or thinly formed at the center 
of the element to avoid a magnetic damage phenomenon that the 
direction of an exchange coupling magnetic field between the 
pinned magnetic layer and the first antif erromagnetic layer 
20 is reversed by electrostatic discharge at the center of the 
pinned magnetic layer. Therefore, a magnetic detecting 
element having excellent reproducing characteristics can be 
manufactured in a severe environment in which the element is 
miniaturized, and increased in density. 
25 In the present invention, the multilayer film comprises 

a free magnetic layer, a nonmagnetic material layer, a pinned 
magnetic layer and a first antif erromagnetic layer, which are 
laminated in that order from below, and the magnetization 
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control layer comprises a second ant i ferromagnetic layer 
provided below the free magnetic layer and having a 
predetermined space at its center in the track width 
direction so that the magnetization control layer is in 
5 contact with the bottoms of both side portions of the free 
magnetic layer, the first ant i ferromagnetic layer being in 
contact with the tops of both side portions of the first 
magnetic layer constituting the pinned magnetic layer. The 
magnetization control layer may comprise permanent -magnet 

10 layers in direct contact with both side portions of the free 
magnetic layer. 

In this case, assuming that the minimum dimension of the 
space provided in the first antif erromagnetic layer in the 
track width direction is WP, and the minimum dimension of the 

15 space provided in the magnetization control layer in the 

track width direction is Wf 1, Wf 1 is preferably the same as 
or smaller than WP. When Wfl is larger than WP, a region of 
the free magnetic layer, which is represented by Wfl-WP, 
functions as a sensitive region for detecting an external 

20 magnetic field. In this region, the distance between upper 
and lower shield layers provided, above and below the free 
magnetic layer is increased to cause the problem of widening 
the pulse width (PW50) of a reproduced waveform and 
deteriorating resolution. Therefore, Wfl is preferably the 

25 same as or smaller than WP. 

In the present invention, the multilayer film comprises 
a free magnetic layer, a nonmagnetic material layer, a pinned 
magnetic layer and a first antif erromagnetic layer, which are 
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laminated in that order from below, the magnetization control 
layer comprises permanent -magnet layers provided on both 
sides of at least the free magnetic layer and the nonmagnetic 
layer in the track width direction, the pinned magnetic layer 
5 is provided on the nonmagnetic material layer to partially or 
entirely extend from the nonmagnetic layer to the permanent - 
magnet layers, and the first ant i ferromagnetic layer is 
provided in contact with the tops of both side portions of 
the first magnetic layer constituting the pinned magnetic 
10 layer. 

In this structure, preferably, both side regions of the 
element comprising the respective permanent -magnet layers are 
disposed on both sides of at least the free magnetic layer 
and the nonmagnetic material layer in the track width 

15 direction, and the pinned magnetic layer is provided on the 
nonmagnetic material layer to extend from the nonmagnetic 
material layer to both side regions of the element. 
Alternatively, preferably, both side regions of the element 
comprising the respective permanent -magnet layers are 

20 disposed on both sides of at least the free magnetic layer, 
the nonmagnetic material layer and the second magnetic layer 
and nonmagnetic intermediate layer constituting the pinned 
magnetic layer in the track width direction, and the first 
magnetic layer constituting the pinned magnetic layer is 

25 provided on the nonmagnetic intermediate layer to extend from 
the nonmagnetic intermediate layer to both side regions of 
the element. 

In this case, assuming that the minimum dimension of the 
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space provided in the first anti ferromagnetic layer in the 
track width direction is WP, and the minimum width dimension 
of the free magnetic layer in the track width direction is 
Wf2, Wf2 is preferably the same as or smaller than WP, The 
5 reason for this is as described above. 

In the present invention, the multilayer film comprises 
a first antiferromagnetic layer, a pinned magnetic layer, a 
nonmagnetic material layer, and a free magnetic layer, which 
are laminated in that order from below, and the first 

10 antiferromagnetic layer has a predetermined space at its 
center in the track width direction so that the first 
antiferromagnetic layer is provided in contact with the 
bottoms of both side portions of the first magnetic layer in 
the track width direction. Also, the substrate provided 

15 below the first antiferromagnetic layer preferably has 

recessed portions provided on both sides in the track width 
direction to have a predetermined depth, and the first 
antiferromagnetic layer is disposed in the recessed portions 
with the predetermined space in the track width direction. 

20 In this structure, the magnetization control layer 

comprises a second antiferromagnetic layer provided on the 
free magnetic layer to have a predetermined space in the 
track width direction so that the second antiferromagnetic 
layer is in contact with both side portions of the free 

25 magnetic layer. In this case, assuming that the minimum 
dimension of the space provided in the first 
antiferromagnetic layer in the track width direction is WP, 
and the minimum dimension of the space provided in the 
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magnetization control layer in the track width direction is 
Wf3, Wf3 is preferably the same as or smaller than WP. 

The magnetization control layer may comprise permanent- 
magnet layers provided on both sides of the free magnetic 
5 layer in the track width direction so that the bottoms of the 
permanent -magnet layers are positioned above at least the 
pinned magnetic layer. In this case, assuming that the 
minimum dimension of the space provided in the first 
antif erromagnetic layer in the track width direction is WP, 

10 and the minimum width dimension of the free magnetic layer in 
the track width direction is Wf4, Wf4 is preferably the same 
as or smaller than WP. 

Also, WP is preferably 0.2 jim or less. 

In the present invention, electrode layers are 

15 preferably provided in both side portions of the magnetic 
detecting element in such a manner that the direction of a 
sensing current magnetic field formed by a sensing current 
flowing from the electrode layers to the multilayer film 
coincides with the direction of a synthetic magnetic moment 

20 of the magnetic layers constituting the pinned magnetic layer, 
for more strongly pinning the magnetization of the pinned 
magnetic layer. 

In the present invention, a nonmagnetic metal layer 
having the same composition as that of the first 

2 5 antif erromagnetic layer is preferably provided in the space 
to make contact with the first magnetic layer, the 
nonmagnetic metal layer provided in the space being a 
disordered crystal structure layer thinner than the first 
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antif erromagnetic layer. 

In a magnetic field heat treatment of the first 
antiferromagnetic layer, at least a portion of the disordered 
lattice is transformed into an ordered lattice to exhibit 
5 antiferromagnetism. However, in the nonmagnetic metal layer 
disposed in the space and having the same composition as that 
of the first antiferromagnetic layer, the disordered lattice 
cannot be transformed into the ordered lattice even by a 
magnetic field heat treatment because the nonmagnetic metal 
10 layer is very thin, and thus the nonmagnetic metal layer 
remains as the disordered crystal structure layer not 
exhibiting antiferromagnetism. 

In the present invention, the crystal of the first 
magnetic layer is preferably epitaxial or heteroepitaxial 
15 with the crystal of the nonmagnetic metal layer, and the end 
surface of the pinned magnetic layer near the surface facing 
the recording medium is preferably open. 

In the pinned magnetic layer, magnetization pinning of 
the central portion facing the nonmagnetic metal layer_ in the 
20 thickness direction is also preferably strengthened by 
uniaxial anisotropy of- the pinned magnetic layer. 

The factors which determine the magnetic anisotropic 
magnetic field of a ferromagnetic film include crystal 
magnetic anisotropy, induced magnetic anisotropy, and 
25 magnetoelastic effect. In a film comprising a randomly 

oriented polycrystal, the crystal magnetic anisotropy among 
these factors cannot be easily given a uniaxial property. On 
the other hand, the induced magnetic anisotropy can be given 
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a uniaxial property by applying a magnetic field in one 
direction during film deposition or heat treatment, and the 
magnetoelastic effect can be given a uniaxial property by 
applying uniaxial stress . 

In the present invention, of the induced magnetic 
anisotropy and magnetoelastic effect which determine uniaxial 
anisotropy for pinning the magnetization of the central 
portion of the pinned magnetic layer* the magnetoelastic 
effect is taken into consideration. 

The magnetoelastic effect is dominated by magnetoelastic 
energy. The magnetoelastic energy is defined by the stress 
applied to the pinned magnetic layer and the magnetostrictive 
constant of the central portion of the pinned magnetic layer. 

In the present invention, the end surface of the pinned 
magnetic layer near the surface facing the recording medium 
is open, and thus the symmetry of the stress applied from a 
gap film or the like in a two-dimensional and isotropic 
manner is broken to apply uniaxial tensile stress to the 
pinned magnetic layer in the element height direction (height 
direction) . Therefore, the magnetization direction of the 
pinned magnetic layer can be properly oriented in a direction 
by the magnetoelastic effect. 

In the present invention, the magnetostrictive constant 
of the central portion of the pinned magnetic layer is 
increased to increase the magnetoelastic energy , thereby 
increasing the uniaxial anisotropy of the central portion of 
the pinned magnetic layer. In the central portion of the 
pinned magnetic layer having the increased uniaxial 
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anisotropy, the magnetization of the central portion of the 
pinned magnetic layer is easily strongly pinned in a 
predetermined direction, thereby increasing the output of the 
magnetic detecting element and improving stability and 
5 symmetry of the output. 

Specifically, the first magnetic layer of the plurality 
of magnetic layers constituting the pinned magnetic layer is 
epitaxially or heteroepitaxially joined with the nonmagnetic 
metal layer made of a PtMn alloy or X-Mn (wherein X is at 
10 least one element of Pt, Pd, Ir, Rh, Ru, Os, Ni, and Fe) 

alloy to produce a distortion in the crystal structure of the 
central portion of the first magnetic layer, thereby 
increasing the magnet ostrictive constant X of the central 
portion of the first magnetic layer. 
15 When the nonmagnetic metal layer is made of a PtMn alloy 

or X-Mn (wherein X is at least one element of Pt, Pd, Ir, Rh, 
:;. Ru, Os, Ni, and Fe) alloy, in the vicinity of near the 
interface with the central portion of the first magnetic 
layer or over the entire region of the nonmagnetic metal 
20 layer, the nonmagnetic metal layer assumes a face -centered 
cubic lattice (fee) structure in which an equivalent crystal 
plane represented by a {ill} plane is preferentially oriented 
in parallel with the interface. 

The thickness of the nonmagnetic metal layer is 
25 preferably 5 A to 50 A. 

When the nonmagnetic metal layer made of a PtMn alloy or 
X-Mn (wherein X is at least one element of Pt, Pd, Ir, Rh, Ru, 
Os, Ni, and Fe) alloy has a thickness in this range, the 
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nonmagnetic metal layer maintains the face-centered cubic 
crystal structure (fee) which is given at the time of 
deposition. When the thickness of the nonmagnetic metal 
layer becomes 50 A or more, the crystal structure of the 
5 nonmagnetic metal layer is undesirably transformed into a 
CuAuI-type ordered face-centered tetragonal structure (fct) 
by heating to about 250°C or more, like the first 
antiferromagnetic layer disposed on both sides of the 
nonmagnetic metal layer. However, even when the thickness of 
10 the nonmagnetic metal layer is 50 A or more, the nonmagnetic 
metal layer maintains the face -centered cubic (fee) crystal 
structure given at the time of deposition unless it is heated 
to about 250 °C or more. 

The Pt content of the PtMn alloy or the content of X 
15 element in the X-Mn alloy is preferably 55 atomic percent to 
95 atomic percent. 

In the vicinity of the interface with the nonmagnetic 
metal layer or over the entire region of the central portion 
of the first magnetic layer of the pinned magnetic layer, at 
20 least the central portion facing the nonmagnetic metal layer 
in the thickness direction assumes a face-centered cubic 
lattice (fee) structure in which an equivalent, crystal plane 
represented by a {ill} plane is preferentially oriented in 
parallel with the interface. 
25 In the present invention, as described above, the 

nonmagnetic metal layer assumes the fee structure in which an 
equivalent crystal plane represented by a {ill} plane is 
preferentially oriented in parallel with the interface. 
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Therefore, when at least the central portion of the 
first magnetic layer facing the nonmagnetic metal layer in 
the thickness direction assumes the fee structure in which an 
equivalent crystal plane represented by a {ill} plane is 
5 preferentially oriented in parallel with the interface, the 
constituent atoms of the central portion of the first 
magnetic layer easily overlap with the constituent atoms of 
the nonmagnetic metal layer. 

However, a predetermined difference or more occurs 

10 between the distance between nearest neighbor atoms in the 
{ill} plane of the central portion of the first magnetic 
layer and the distance between nearest neighbor atoms in the 
{ill} plane of the nonmagnetic metal layer, and thus a 
distortion occurs in each of the crystal structures of the 

15 central portion of the first magnetic layer and the 

nonmagnetic metal layer, while the constituent atoms of the 
central portion of the first magnetic layer overlap with the 
constituent atoms of the nonmagnetic metal layer. Namely, 
the magnetostrictive constant X can be increased by producing 

20 a distortion in the crystal structure of the central portion 
of the first magnetic layer. 

For example, when the first magnetic layer of the pinned 
magnetic layer is made of Co or Co x Fe y (y < 20, x+y = 100), 
the central portion of the first magnetic layer can be formed 

25 in the fee structure in which an equivalent crystal plane 

represented by the {ill} plane is preferentially oriented in 
parallel with the interface. 

Alternatively, in the vicinity of the interface with the 
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nonmagnetic metal layer or over the entire region of the 
central portion of the first magnetic layer of the pinned 
magnetic layer, at least the central portion facing the 
nonmagnetic metal layer in the thickness direction preferably 
5 assumes a body-centered cubic lattice (bcc) structure in 
which an equivalent crystal plane represented by a {110} 
plane is preferentially oriented in parallel with the 
interface. 

Even when the central portion of the first magnetic 
10 layer assumes the bcc structure in which an equivalent 

crystal plane represented by a {110} plane is preferentially 
oriented in parallel with the interface, the constituent 
atoms of the central portion of the first magnetic layer 
easily overlap with the constituent atoms of the nonmagnetic 

15 metal layer. 

In this case, a predetermined difference or more occurs 
between the distance between nearest neighbor atoms in the 
{110} plane of the central portion of the first magnetic 
layer and the distance between nearest neighbor atoms in the 

20 {ill} plane of the nonmagnetic metal layer, and thus a 

distortion occurs in each of the crystal structures of the 
central portion of the first magnetic layer and the 
nonmagnetic metal layer, while the constituent atoms of the 
central portion of the first magnetic layer overlap with the 

25 constituent atoms of the nonmagnetic metal layer. Namely, 

the magnetostrictive constant A, can be increased by producing 
a distortion in the crystal structure of the central portion 
of the first magnetic layer. 
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For example, when the first magnetic layer of the pinned 
magnetic layer, is made of Co x Fe y (y ^ 20, x+y = 100) , the 
central portion of the first magnetic layer can be formed in 
the bcc structure in which an equivalent crystal plane 
5 represented by the {110} plane is preferentially oriented in 
parallel with the interface. With a composition near y = 50, 
the Co x Fe y (y £ 20, x+y = 100) assuming the bcc structure has 
a larger magnetostrictive constant than that of the Co x Fe y (y 
< 20, x+y = 100) assuming the fee structure, and can thus 

10 exhibit a larger magnetoelastic effect. Also, the Co x Fe y (y 
> 20, x+y = 100) assuming the bcc structure has large 
coercive force, and thus the magnetization of the central 
portion of the pinned magnetic layer can be strongly pinned. 
In the present invention, in the vicinity of the 

15 interface between the nonmagnetic metal layer and the first 
magnetic layer of the pinned magnetic layer, at least the 
central portion facing the nonmagnetic metal layer in the 
thickness direction preferably assumes a face-centered cubic 
lattice (fee) structure in which an equivalent crystal plane 

20 represented by a {ill} plane is preferentially oriented in 
parallel with the interface. Also, in the vicinity of the 
interface with the nonmagnetic intermediate layer, the 
central portion assumes a body-centered cubic lattice (bcc) 
structure in which an equivalent crystal plane represented by 

25 a {110} plane is preferentially oriented in parallel with the 
interface . 

When the central portion of the first magnetic layer 
assumes the bcc structure near the interface with the 
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nonmagnetic intermediate layer, the magnetostrictive constant 
X can be increased to exhibit the large magnetoelastic effect. 
On the other hand, when the central portion of the first 
magnetic layer assumes the fee structure near the interface 
5 with the nonmagnetic metal layer, the central portions of the 
pinned magnetic layer, the nonmagnetic material layer and the 
free magnetic layer have constant crystal orientation, 
thereby increasing the rate of magnetoresi stance change (MR 
ratio) . 

10 For example, when the first magnetic layer of the pinned 

magnetic layer has a composition comprising Co or Co x Fe y (y < 
20, x+y = 100) near the interface with the nonmagnetic metal 
layer, and the first magnetic layer of the pinned magnetic 
layer has a composition comprising Co x Fe y (y £ 20, x+y = 100) 

15 near the interface with the nonmagnetic intermediate layer, 
the first magnetic layer can be formed in the fee structure 
in which an equivalent crystal plane represented by the {ill} 
plane is preferentially oriented in parallel with the 
interface with the nonmagnetic metal layer near the interface, 

20 while the first magnetic layer can be formed in the bee 

structure in which an equivalent crystal plane represented by 
the {110} plane is preferentially oriented in parallel with 
the interface with the nonmagnetic intermediate layer near 
the interface, 

25 Also, when the composition near the interface with the 

nonmagnetic intermediate layer comprises Co x Fe y (y ^ 20, x+y 
= 100) , the RKKY interaction between the first magnetic layer 
and the other magnetic layer through the nonmagnetic 
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intermediate layer is desirably increased. 

The first magnetic layer of the pinned magnetic layer 
may have a Fe concentration gradually increasing in the 
direction from the interface with the nonmagnetic metal layer 
5 to the interface with the nonmagnetic intermediate layer. 

In the present invention, the difference between the 
distance of nearest neighbor atoms of the nonmagnetic metal 
layer and that of the central portion of the first magnetic 
layer of the pinned magnetic layer in the planar direction 

10 parallel to the interface is divided by the distance between 
nearest neighbor atoms of the first magnetic layer to obtain 
a value, and the value is preferably 0.05 to 0.20 for 
producing a distortion in the crystal structure of each of. 
the nonmagnetic metal layer and at least the central portion 

15 of the first magnetic layer facing the nonmagnetic metal 

layer in the thickness direction while the constituent atoms 
of the nonmagnetic metal layer overlapping with the 
constituent atoms of at least the central portion of the 
first magnetic layer. 

20 The first magnetic layer is preferably made of a 

magnetic material having a positive magnetostrictive constant . 

When the first magnetic layer is made of a magnetic 
material having a positive magnetostrictive constant, the 
easy magnetization axis of the first magnetic layer becomes 

25 parallel to the rearward direction (height direction) of the 
magnetic detecting element, and the magnetization direction 
of the first magnetic layer is pinned in parallel or 
antiparallel with the height direction. 
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The electrode layers made of Cr, a-Ta or Rh are 
preferably provided on both side portions of the magnetic 
detecting element in the track width direction because the 
compressive stress applied to the pinned magnetic layer can 

5 be increased . 

A method for manufacturing a magnetic detecting element 
comprising a multilayer film including a free magnetic layer, 
a nonmagnetic material layer, a pinned magnetic layer and a 
first antiferromagnetic layer, which are laminated on a 
10 substrate in that order from below, and a magnetization 
control layer for controlling magnetization of the free 
magnetic layer comprises the steps of: 

(a) forming a second magnetic layer extending in the 
track width direction and a first magnetic layer on the 

15 second magnetic layer with a nonmagnetic intermediate layer 
provided therebetween so that the first magnetic layer faces 
the second magnetic layer in the thickness direction to form 
the pinned magnetic layer, forming, on the first magnetic 
layer, a nonmagnetic metal layer comprising a disordered 

20 crystal structure layer having the same composition as that 
of the first antiferromagnetic layer and. thinner than the 
first antiferromagnetic layer, and forming a nonmagnetic 
layer on the nonmagnetic metal layer; 

(b) removing the nonmagnetic layer, and forming an upper 
25 antiferromagnetic layer thicker than the nonmagnetic metal 

layer on both sides of the nonmagnetic metal layer to form 
the first antiferromagnetic layer comprising the nonmagnetic 
metal layer and the upper antiferromagnetic layer,- and 
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(c) performing annealing in a magnetic field to produce 
exchange coupling magnetic fields between the first 
antiferromagnetic layer and both side portions of the first 
magnetic layer, for pinning the magnetizations of the first 
5 and second magnetic layers in an antiparallel state. 

In the present invention, instead of the step (b) , the 
method preferably comprises the steps of: 

(d) removing the nonmagnetic layer, and then forming an 
upper antiferromagnetic layer thicker than the nonmagnetic 
10 metal layer on the nonmagnetic metal layer having the same 
composition as that of the first antiferromagnetic layer to 
form the first antiferromagnetic layer comprising the 
nonmagnetic metal layer and the upper antiferromagnetic 
layer; and 

15 (e) providing a mask layer having a predetermined space 

in the track width direction on the first antiferromagnetic 
layer, and then removing the first antiferromagnetic layer 
from a portion not covered with the mask layer to form a 
predetermined space in the track width direction, leaving the 

20 first antiferromagnetic layer at least on both side portions 
of the first magnetic layer. 

In the step (e) , at least a portion of the nonmagnetic 
metal layer may be left in the space formed by removing the 
first antiferromagnetic layer from the portion not covered 

25 with the mask layer. 

The nonmagnetic metal layer having the same composition 
as that of the antiferromagnetic layer is preferably formed 
to a thickness smaller than 50 A. 
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A method for manufacturing a magnetic detecting element 
comprising a multilayer film including a first 
ant i ferromagnetic layer, a pinned magnetic layer, a 
nonmagnetic material layer, and a free magnetic layer, which 
are laminated on a substrate in that order from below, and a 
magnetization control layer for controlling magnetization of 
the free magnetic layer comprises the steps of: 

(f) providing the first antif erromagnetic layer on both 
side portions of the substrate in the track width direction; 

(g) forming a first magnetic layer extending from the 
first ant i ferromagnetic layer to the substrate exposed from 
the first antif erromagnetic layer, and forming a second 
magnetic layer on the first magnetic layer with a nonmagnetic 
metal layer provided therebetween so that the second magnetic 
layer faces the first magnetic layer in the thickness 
direction to form a pinned magnetic layer, and forming the 
nonmagnetic material layer and the free magnetic layer on the 
pinned magnetic layer; and 

(h) performing annealing in a magnetic field to produce 
exchange coupling magnetic fields between the first 

ant if erromagnetic layer and both side portions of the first 
magnetic layer, for pinning the magnetizations of the first 
and second magnetic layers in an antiparallel state. 

In the present invention, instead of the steps (f) and 
(g) , the method preferably comprises the steps of: 

(i) providing recesses each having a predetermined depth 
on both sides of the substrate in the track width direction; 

(j) forming the first antif erromagnetic layer in the 
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recesses, and further forming a nonmagnetic layer on the 
first antiferromagnetic layer; and 

(k) removing the nonmagnetic layer, and then forming a 
nonmagnetic metal layer as a portion of the first 
5 antiferromagnetic layer on the first antiferromagnetic layer 
- and on the substrate exposed from the antiferromagnetic layer, 
the nonmagnetic metal layer having the same composition as 
that of the first antiferromagnetic layer, a smaller 
thickness that that of the first antiferromagnetic layer, and 

10 a disordered crystal structure, further forming the pinned 
magnetic layer on the first antiferromagnetic layer and the 
nonmagnetic metal layer, the pinned magnetic layer comprising 
a first magnetic layer extending in the track width direction, 
and a second magnetic layer facing the top of the first 

15 magnetic layer with a nonmagnetic intermediate layer provided 
therebetween in the thickness direction, and then forming the 
nonmagnetic material layer and the free magnetic layer on the 
pinned magnetic layer. 

The nonmagnetic metal layer is preferably formed to a 

20 thickness smaller than 50 A. 

In the. steps (a) to (e) , the first antiferromagnetic 
layer can be formed in a predetermined shape on the pinned 
magnetic layer, and exchange coupling magnetic fields of a 
predetermined magnitude can be produced between the first 

25 antiferromagnetic layer and both side portions of the first 
magnetic layer. In the steps (f) to (k) , the first 
antiferromagnetic layer can be formed in a predetermined 
shape below the pinned magnetic layer, and exchange coupling 
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magnetic fields of a predetermined magnitude can be produced 
between the first anti ferromagnetic layer and both side 
portions of the first magnetic layer. 

In providing the first anti ferromagnetic layer above or 
5 below the pinned magnetic layer, particularly in providing 
the first anti ferromagnetic layer below the pinned magnetic 
layer , the pinned magnetic layer and the first 
anti ferromagnetic layer are not simply laminated. In order 
to produce exchange magnetic fields of a predetermined 
10 magnitude between the first antif erromagnetic layer and both 
side portions of the pinned magnetic layer in the track width 
direction, a technique is required for laminating the pinned 
magnetic layer and the first antif erromagnetic layer. 
In the steps (a) to (d) or (e) to (h) , the pinned 
15 magnetic layer can be formed in a structure comprising the 
first and second magnetic layers, and the nonmagnetic layer 
interposed between both magnetic layers, and the 
predetermined space can be provided in the first 
anti ferromagnetic layer in the track width direction to 
20 produce the magnetic detecting element capable of producing 
exchange coupling magnetic fields only between the first 
ant if erromagnetic layer and both side portions of the first 
magnetic layer. 

When the first antif erromagnetic layer is formed above 
25 the pinned magnetic layer, and a permanent -magnet layer is 
formed as the magnetization control layer for the free 
magnetic layer, the pinned magnetic layer and the first 
anti ferromagnetic layer may be simply continuously deposited 
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to facilitate the manufacturing process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partial sectional view of the structure of a 
5 magnetic detecting element according to an embodiment of the 
present invention, as viewed from a surface facing a 
recording medium; 

Fig. 2 is a partial sectional view of the structure of a 
magnetic detecting element according to another embodiment of 
10 the present invention, as viewed from a surface facing a 
recording medium; 

Fig. 3 is a partial sectional view of the structure of a 
magnetic detecting element according to still another 
embodiment of the present invention, as viewed from a surface 
15 facing a recording medium; 

Fig. 4 is a partial sectional view of the structure of a 
magnetic detecting element according to a further embodiment 
of the present invention, as viewed from a surface facing a 
recording medium; 
20 Fig. 5 is a partial sectional view of the structure of a 

magnetic detecting element according to a still further 
embodiment of the present invention, as viewed from a surface 
facing a recording medium; 

Fig. 6 is a partial sectional view of the structure of a 
25 magnetic detecting element according to a further embodiment 
of the present invention, as viewed from a surface facing a 
recording medium; 

Fig. 7 is a partial sectional view of the structure of a 
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magnetic detecting element according to a further embodiment 
of the present invention, as viewed from a surface facing a 
recording medium; 

Fig. 8 is a partial sectional view of the structure of a 
5 magnetic detecting element according to a further embodiment 
of the present invention, as viewed from a surface facing a 
recording medium; 

Fig, 9 is a partial sectional view of the structure of a 
magnetic detecting element according to a further embodiment 
10 of the present invention, as viewed from a surface facing a 
recording medium; 

Fig. 10 is a partial sectional view of the structure of 
a magnetic detecting element according to a further 
embodiment of the present invention, as viewed from a surface 
15 facing a recording medium; 

Fig. 11 is a partial sectional view of the structure of 
a magnetic detecting element according to a further 
embodiment of the present invention, as viewed from a surface 
facing a recording medium; 
20 Fig. 12 is a partial sectional view of the structure of 

a magnetic detecting element according to a further 
embodiment of the present invention, as viewed from a surface 
facing a recording medium; 

Fig. 13 is a partial sectional view of the structure of 
25 a magnetic detecting element according to an embodiment of 

the present invention taken along a plane parallel to the Y-Z 
plane, for illustrating a state in which the direction of a 
synthetic magnetic moment per unit area of a pinned magnetic 
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layer coincides with the direction of a sensing current 
magnetic field; 

Fig. 14 is a partial sectional view of the structure of 
a magnetic detecting element according to an embodiment of 
5 the present invention taken along a plane parallel to the Y-Z 
plane, for illustrating a state in which the direction of a 
synthetic magnetic moment per unit area of a pinned magnetic 
layer coincides with the direction of a sensing current 
magnetic field; 

10 Fig. 15 is a partial sectional view of the structure of 

a magnetic detecting element according to a further 
embodiment of the present invention, as viewed from a surface 
facing a recording medium; 

Fig. 16 is a partial sectional view of the structure of 
15 a magnetic detecting element according to a further 

embodiment of the present invention, as viewed from a surface 
facing a recording medium; 

Fig. 17 is a partial sectional view of the structure of 
a magnetic detecting element according to a further 
20 embodiment of the present invention, as viewed from a surface 
facing a recording . medium ; 

Fig. 18 is a partial sectional view of the structure of 
a magnetic detecting element according to a further 
embodiment of the present invention, as viewed from a surface 
25 facing a recording medium; 

Fig. 19 is a partial sectional view of the structure of 
a magnetic detecting element according to a further 
embodiment of the present invention, as viewed from a surface 
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facing a recording medium; 

Fig. 20 is a partial sectional view of the structure of 
a magnetic detecting element according to a further 
embodiment of the present invention, as viewed from a surface 
5 facing a recording medium; 

Fig. 21 is a partial plan view of the magnetic detecting 
element shown in Fig. 18; 

Fig. 22 is a schematic view showing a state in which a 
distortion occurs in a state in which a nonmagnetic metal 
10 layer is coherent with a central portion of a first magnetic 
layer of a pinned magnetic layer; 

Fig. 23 is a schematic view showing alignment between a 
nonmagnetic metal layer and a central portion of a first 
magnetic layer of a pinned magnetic layer ; 
15 Fig. 24 is a schematic drawing showing an incoherent 

state between a nonmagnetic metal layer and a central portion 
of a first magnetic layer of a pinned magnetic layer; 

Fig. 25 is a partial sectional view of the vicinity of a 
central potion of a pinned magnetic layer of a magnetic 
20 detecting element according to the present invention; 

Fig. 26 is a. partial sectional view of the vicinity of a 
central potion of a pinned magnetic layer of a magnetic 
detecting element according to the present invention; 

Fig. 27 is a partial sectional view of the vicinity of a 
25 central potion of a pinned magnetic layer of a magnetic 
detecting element according to the present invention; 

Fig. 28 is a drawing showing a step for manufacturing 
the magnetic detecting element shown in Fig. 1; 
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Fig. 2 9 is a drawing showing a step performed after the 
step shown in Fig. 28; 

Fig. 30 is a drawing showing a step performed after the 
step shown in Fig. 29; 
5 Fig. 31 is a drawing showing a step performed after the 

step shown in Fig. 30; 

Fig. 32 is a drawing showing a step performed after the 
step shown in Fig. 31; 

Fig. 33 is a drawing showing a step for manufacturing 
10 the magnetic detecting element shown in Fig. 4; 

Fig. 34 is a drawing showing a step performed after the 
step shown in Fig. 33; 

Fig. 35 is a drawing showing a step performed after the 
step shown in Fig. 34; 
15 Fig. 36 is a drawing showing a step for manufacturing 

the magnetic detecting element shown in Fig. 10; 

Fig. 37 is a drawing showing a step performed after the 
step shown in Fig. 36; 

Fig. 38 is a drawing showing a step performed after the 
20 step shown in Fig. 37; 

Fig. 39 is a drawing showing a step performed after the 
step shown in Fig. 38; 

Fig. 40 is a drawing showing a step for manufacturing 
the magnetic detecting element shown in Fig. 11; 
25 Fig. 41 is a drawing showing a step performed after the 

step shown in Fig. 40; 

Fig. 42 is a drawing showing a step performed after the 
step shown in Fig. 41; 
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Fig. 43 is a drawing showing a step performed after the 
step shown in Fig. 42; 

Fig. 44 is a drawing showing a step of a manufacturing 
method different from the method shown in Figs. 36 and 37; 
5 Fig. 4 5 is a drawing showing a step performed after the 

step shown in Fig. 44; 

Fig. 46 is a drawing showing a step of a manufacturing 
method different from the method shown in Figs. 36 and 37; 

Fig. 47 is a drawing showing a step performed after the 
10 step shown in Fig. 46; 

Fig. 48 is a drawing showing a step for manufacturing 
the magnetic detecting element shown in Fig. 12; 

Fig. 4 9 is a drawing showing a step performed after the 
step shown in Fig. 48; 
15 Fig. 50 is a schematic drawing showing the structure of 

a magnetic detecting element (Example) used in experiments; 

Fig. 51 is a graph showing the relation between the 
track width RTw and unidirectional exchange bias magnetic 
field Hex* determined by using, the magnetic detecting element 
20 shown in Fig. 50; 

Fig. 52 is a graph showing the relation between the 
track width RTw and normalized output determined by using the 
magnetic detecting element shown in Fig. 50; 

Fig. 53 is a schematic drawing showing the structure of 
25 a magnetic detecting element (Comparative Example) used in 
experiments ; 

Fig. 54 is a graph showing the relation between the 
track width RTw and unidirectional exchange bias magnetic 
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field Hex* determined by using the magnetic detecting element 
shown in Fig. 53; 

Fig. 55 is a graph showing the relation between the 
track width RTw and normalized output determined by using the 
5 magnetic detecting element shown in Fig. 53; 

Fig. 56 is a graph showing the relation between AV (±100 
Oe)/AV (±4000 Oe) and a synthetic magnetic moment (Net Mst) 
per unit area of a pinned magnetic layer of the magnetic 
detecting element shown in Fig. 50 in which magnetization of 
10 a free magnetic layer is pinned by a second ant i ferromagnetic 
layer; 

Fig. 57 is a graph showing the relation between AV (±100 
Oe) /AV (±4000 Oe) and a thickness difference obtained by 
subtracting the thickness of a first magnetic layer from the 
15 thickness of a second magnetic layer of the magnetic 

detecting element shown in Fig. 50 in which magnetization of 
a free magnetic layer is pinned by a second antif erromagnetic 
layer; 

Fig. 58 is a graph showing the relation between AV (±100 
20 Oe)/AV (±4000 Oe) and the synthetic magnetic moment (Net Mst) 
per unit area of a pinned magnetic layer of a magnetic 
detecting element comprising a second magnetic layer made of 
a material different from that shown in Fig. 50; 

Fig. 59 is a graph showing the relation between AV (±100 
25 Oe) /AV (±4000 Oe) and a thickness difference obtained by 

subtracting the thickness of a first magnetic layer from the 
thickness of a second magnetic layer of a magnetic detecting 
element comprising a second magnetic layer made of a material 



- 37 - 



different from that shown in Fig. 50; 

Fig. 60 is a graph showing changes in magnetostriction 
of CoFe with changes in the composition ratio of a PtMn layer 
with a CoFe layer laminated thereon; 
5 Fig. 61 is a graph showing the magnetostrictive 

constants of CoFe and Co of a CoFe layer laminated on a PtMn 
layer and a Co layer laminated on a PtMn layer, respectively; 

Fig. 62 is a graph showing the magnetostrictive 
constants of CoFe and Co of a CoFe layer on which a PtMn 
10 layer is laminated, and a Co layer on which a PtMn layer is 
laminated, respectively; 

Fig. 63 is a partial sectional view of the structure of 
a conventional magnetic detecting element, as viewed from a 
surface facing a recording medium; 
15 Fig. 64 is a partial sectional view of a magnetic 

detecting element transcribed from Fig. 1 of Japanese 
Unexamined Patent Application Publication No. 2000-163717; 
and 

Fig. 65 is a partial sectional view of a magnetic 
20 detecting element transcribed from Fig. 5 of Japanese 
Unexamined Patent Application Publication No. 8-7325. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 a partial sectional view of the structure of a 
25 magnetic detecting element (spin valve thin film element) 

according to the present invention, as viewed from a surface 
facing a recording medium. The magnetic detecting element 
shown in Fig. 1 is a type in which a free magnetic layer 24 
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is formed below a first antif erromagnetic layer 30, 

In Fig- 1, reference numeral 20 denotes a lower shield 
layer (substrate) made of a magnetic material. The lower 
shield layer 20 is made of a NiFe alloy, sendust, or the like. 
5 As shown in Fig. 1, the lower shield layer 20 has a 

projection 20a provided at its center in the track width 
direction (the X direction shown in the drawing) to project 
in the thickness direction (the Z direction shown in the 
drawing) , and recesses 2 0b provided on both sides of the 
10 projection 2 0a in the track width direction. 

As shown in Fig. 1, a lower gap layer 21 made of an 
insulating material such as A1 2 0 3 or the like is formed on 
the top of the projection 20a of the lower shield layer 20. 
The lower gap layer 21 is also formed on both side ends 20al 
15 of the projection 20a in the track width direction and on the 
bottoms of the recesses 20b. 

As shown in Fig. 1, a seed layer 22 made of a NiFe alloy, 
a NiFeCr alloy or Cr is formed on the lower gap layer 21 
formed on the bottoms of the recesses 20b and the projection 
20 20a of the lower shield layer 20. 

As shown in Fig. 1, a second antif erromagnetic layer 23 
is formed on the seed layer 22. The recesses 20b formed in 
the lower shield layer 20 is mainly filled with the second 
antif erromagnetic layer 23. The second antif erromagnetic 
25 layer 23 is made of an antif erromagnetic material, for 
example, such as a PtMn alloy or the like. 

A nonmagnetic metal layer made of a material having the 
same composition as that of the second antif erromagnetic 
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layer 23 is also formed on the seed layer 22 formed on the 
projection 20a of the lower shield layer 20. However, the 
nonmagnetic metal layer is thinner than the second 
ant i ferromagnetic layer 23 formed in the recesses 2 0b of the 
5 lower shield layer 20. The nonmagnetic metal layer formed on 
the projection 20a of the lower shield layer 20 and having 
the same composition as that of the second ant i ferromagnetic 
layer 23 preferably has a thickness smaller than 50 A. The 
nonmagnetic metal layer has a disordered crystal structure, 

10 and an exchange coupling magnetic field is not produced 
between the nonmagnetic metal layer and the free magnetic 
layer 24, thereby avoiding the magnetization of the central 
portion 24b of the free magnetic layer 24 from being pinned 
by the exchange coupling magnetic field. Namely, the 

15 nonmagnetic metal layer is a disordered crystal structure 
layer. 

As shown in Fig. 1, the free magnetic layer 24 is formed 
on the second antif erromagnetic layer 23 . The free magnetic 
layer 24 is made of a magnetic material such as a NiFe alloy, 

20 a CoFe alloy, or the like. In the magnetic detecting element 
shown in Fig. 1, the free, magnetic layer 24 has a single- 
layer structure. However, the free magnetic layer 24 may 
have a laminated structure comprising a plurality of magnetic 
layers, or a synthetic f errimagnetic structure comprising two 

25 magnetic layers and a nonmagnetic layer interposed 
therebetween . 

In the embodiment shown in Fig. 1, magnetizations of 
both side portions 24a of the free magnetic layer 24 in the 
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track width direction (the X direction) are pinned in the X 
direction by the exchange coupling magnetic fields produced 
between both sides potions 24a and the second 
ant i ferromagnetic thick layer 23 formed in contact with the 
5 bottoms thereof. On the other hand, in the central portion 
24b of the free magnetic layer 24 in the track width 
direction, the exchange coupling magnetic field is not 
produced between the central portion 24b and the second 
ant i ferromagnetic layer 23 because the nonmagnetic metal thin 

10 layer having the same composition as that of the second 
ant i ferromagnetic layer 23 and the disordered crystal 
structure is formed below the central portion 24b. Therefore, 
unlike in both side portions 24a, the magnetization of the 
central portion 24b of the free magnetic layer 24 is not 

15 strongly pinned. The magnetization of the central portion 

24b of the free magnetic layer 24 is weakly put into a single 
domain state to an extent which permits a change of 
magnetization with an external magnetic field entering in the 
Y direction shown in the drawing. 

20 Furthermore, a nonmagnetic material layer 25 is formed 

on the free magnetic layer 24. The nonmagnetic material 
layer 25 prevents magnetic coupling between a pinned magnetic 
layer 26 and the free magnetic layer 24, and the sensing 
current mainly flows through the nonmagnetic material layer 

25 25. The nonmagnetic material layer 25 is preferably made of 
a nonmagnetic material having conductivity, such as Cu, Cr, 
Au, Ag, or the like, particularly preferably made of Cu. 
The pinned magnetic layer 26 is formed on the 
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nonmagnetic material layer 25. In the embodiment shown in 
Fig. 1, the pinned magnetic layer 26 has a synthetic 
f errimagnetic structure. The pinned magnetic layer 26 has a 
three-layer structure comprising a first magnetic layer 29 in 
5 contact with the first antif erromagnetic layer 30 , a second 
magnetic layer 27 facing the first magnetic layer 29 in the 
thickness direction (the Z direction) , and a nonmagnetic 
intermediate layer 28 interposed between the first and second 
magnetic layer 29 and 27. 

10 Each of the magnetic layers 27 and 29 is made of a 

magnetic material, for example, a NiFe alloy, Co, a CoNiFe 
alloy, a CoFe alloy, a CoNi alloy, or the like. For example, 
the first and second magnetic layers 29 and 27 are made of 
the same material. Each of the magnetic layers 29 and 27 may 

15 have a single- layer structure or laminated structure of 

magnetic layers. Preferred forms of the magnetic layers 27 
and 29 will be described in detail below. 

The nonmagnetic intermediate layer 28 is made of a 
nonmagnetic material, for example, one of Ru, Rh, Ir, Cr, Re, 

20 and Cu, or an alloy of at least two of these elements. 
Particularly, the nonmagnetic intermediate layer 28 is 
preferably made of Ru. 

In the embodiment shown in Fig. 1, the first 
antif erromagnetic layer 30 is formed on both side portions 

25 29a of the first magnetic layer 29 in the track width 

direction (the X direction shown in the drawing) . The first 
ant i ferromagnetic layer 30 is not formed on the central 
portion 29b of the first magnetic layer 2 9 to form a 
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predetermined space C on the central portion 29b. The first 
antif erromagnetic layer 3 0 is preferably made of a PtMn alloy, 
an X-Mn (wherein X is at least one element of Pd, Ir, Rh, Ru, 
Os, Ni, and Fe) alloy, or a Pt-Mn-X 1 (wherein X 1 is at least 
5 one element of Pd, Ir, Rh, Ru, Au, Ag, Os, Cr, Ni, Ar, Ne, Xe, 
and Kr) alloy. However, the first antif erromagnetic layer 30 
may be made of an antif erromagnetic material having a lower 
blocking temperature than that of the PtMn alloy, such as an 
IrMn alloy or the like. 

10 In a heat treatment in a magnetic field, exchange 

coupling magnetic fields are produced between the first 
antif erromagnetic layer 30 and both side portions 2 9a of the 
first magnetic layer 29 to pin the magnetization of the first 
magnetic layer 29 in the Y direction. Therefore, in a state 

15 after the magnetic field heat treatment, at least a portion 
of the first antif erromagnetic layer 30 is transformed from a 
disordered lattice to an ordered lattice. 

In the embodiment shown in Fig. 1, the pinned, magnetic 
layer 26 has the synthetic f errimagnetic structure comprising 

20 the two magnetic layers 27 and 29 and the nonmagnetic 

intermediate layer 28 interposed therebetween, and thus an 
antiparallel coupling magnetic field is applied between the 
first and second magnetic layers 27 and 29 due to a RKKY 
interaction. Therefore, magnetizations of both side portions 

25 27a of the second magnetic layer 27 are pinned in a direction 
opposite to the Y direction. On the other hand, an 
antiparallel coupling magnetic field is also produced due to 
the RKKY interaction between the central portions 29b and 27b 
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of the first and second magnetic layers 29 and 27, and the 
magnetizations of the central portions 29b and 27b of the 
first and second magnetic layers 29 and 27 are pinned in an 
antiparallel state following the magnetization directions of 
5 both side portions 29a and 27a. 

As shown in Fig. 1, a stopper layer 31 made of Cr or the 
like is formed on the first ant i ferromagnetic layer 30 # and a 
protective layer 32 made of Ta or the like is formed on the 
stopper layer 31. Furthermore, an electrode layer 33 made of 

10 a nonmagnetic conductive material such as Au, Pd, Cr, Rh # Ru, 
Ta f W, or the like is formed on the protective layer. 32, and 
a protective layer 34 made of Ta or the like is formed on the 
electrode layer 33. 

As shown in Fig. 1, an upper gap layer 35 made of an 

15 insulating material is formed on the protective layer 34 and 
on the first magnetic layer 29 of the pinned magnetic layer 
26, which is exposed from the space C formed in the first 
ant i ferromagnetic layer 30. Also, an upper shield layer 36 
made of a magnetic material is formed on the upper gap layer 

20 35. 

In the embodiment shown in Fig. 1, in the free magnetic 
layer 24 facing the projection 20a of the lower shield layer 
20 in the thickness direction (the Z direction) , the width 
dimension in the track width direction (the X direction) is a 
25 track width Tw. The track width Tw is a physical track width 
(Physical Read Track Width abbreviated to "track width RTw") . 
This applies to the description below. 

The structural characteristics of the magnetic detecting 
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element shown in Fig. 1 will be described below. In the 
embodiment shown in Fig. 1, the pinned magnetic layer 26 has 
the three-layer structure comprising the first magnetic layer 
29 in contact with the first antif erromagnetic layer 30, the 
5 second magnetic layer 27 facing the first magnetic layer 29 
in the thickness direction, and the nonmagnetic intermediate 
layer 28 interposed between the first and second magnetic 
layers 29 and 27. Since the antiparallel coupling magnetic 
field is produced due to the RKKY interaction between the 
10 first and second magnetic layers 29 and 27, the 

magnetizations of the first and second magnetic layers 29 and 
27 are antiparallel to each other. 

The first antif erromagnetic layer 30 is provided only on 
both side portions 29a of the first magnetic layer 29, not 
15 provided on the central portion 29b of the first magnetic 

layer 29. Therefore, the exchange coupling magnetic field is 
provided only- between the first antif erromagnetic layer 30 
and either side portion 29a of the magnetic layer 29, not 
produced between the first ferromagnetic layer 30 and the 
20 central portion 29b of the first magnetic layer 29. 

Therefore, the magnetizations of both side portions 29a and 
27a of the first, and aecond magnetic layers 29 and 27 are 
pinned in parallel with the height direction (the Y 
direction) while maintaining the antiparallel state due to 
25 the exchange coupling magnetic field and RKKY interaction. 

On the other hand, it is recognized from the experiments 
described below that in the central portions 29b and 27b of 
the first and second magnetic layers 29 and 27 of the pinned 



- 45 - 



magnetic layer 26, the magnetizations are pinned in parallel 
with the height direction (the Y direction) while maintaining 
the antiparallel state due to the RKKY interaction and the 
bias magnetic field through an exchange interaction in each 
5 magnetic layer. In the embodiment shown in Fig. 1, therefore, 
the magnetization of the pinned magnetic layer 26 can be 
properly pinned. 

Namely, as shown in Fig. 1, the first ant i ferromagnetic 
layer 30 is provided on both sides portions of the pinned 

10 magnetic layer 26 in the track width direction, and thus 

exchange coupling magnetic fields are produced only in both 
side portions. However, the pinned magnetic layer 26 is 
formed in the synthetic f errimagnetic structure for the 
structure of the first ant i ferromagnetic layer 30 so that the 

15 magnetization over the entire region of the pinned magnetic 
layer 26 can be appropriately pinned in the height direction. 

In the magnetic detecting element having the structure 
shown in Fig. 1, the magnetization of the pinned magnetic 
layer 26 can be securely pinned, and the effects described 

20 below can be expected. First, the first ant i ferromagnetic 
layer 30 is not provided on the central portion 29b of the 
first magnetic layer 29, and thus the sensing current mainly 
flowing from the electrode layer 33 to the nonmagnetic 
material layer 25 little shunts to the first 

25 ant i ferromagnetic layer 30 until it reaches the nonmagnetic 
material layer 25, thereby decreasing a shunt loss and 
improving reproduction output. 

Second, since the first antif erromagnetic layer 30 is 
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not provided on the central portion 29b of the first magnetic 
layer 29, the distance between the shield layers 20 and 36 in 
the thickness direction (the Z direction) at its center of 
the element is decreased to permit so-called "gap narrowing" . 
5 The central portion 24b of the free magnetic layer 24 is a 
region having reproduction sensitivity, and thus a decrease 
in the gap length at the center of the element can properly 
prevent a problem in which the pulse width (PW50) of a 
reproduction waveform is widened to deteriorate resolution. 
10 Therefore, a magnetic detecting element adaptable for a 
future higher recording density can be manufactured. 

Furthermore, since the first antiferromagnetic layer 30 
is not provided on the central portion 29b of the first 
magnetic layer 29, magnetic electrostatic damage (soft ESD) 
15 little occurs in the central portion of the pinned magnetic 
layer 26. The first antiferromagnetic layer is 
conventionally provided over the entire region of a pinned 
magnetic layer, and thus an exchange coupling magnetic field 
is weakened by the generation of heat at a temperature hither 
20 than the blocking temperature of the first antiferromagnetic 
layer to break the pinned, magnetization state of the pinned 
magnetic layer, thereby deteriorating reproducing 
characteristics. However, when the first antiferromagnetic 
layer 30 is not provided on the central portion 29b of the 
25 first magnetic layer 29, as shown in Fig. 1, a temperature 
relationship between the blocking temperature of the first 
antiferromagnetic layer 30 and. heat generation in the central 
portion of the pinned magnetic layer 26 need not be taken 
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into consideration, and the occurrence of electrostatic 
damage can be prevented. Also, the electrodes layers 33 
having low resistance are superposed on the first 
ant i ferromagnetic layer 30 in both side portions of the 
5 element to extend in the element height direction (the Y 
direction), and thus the current densities in both side 
portions are significantly lower than that in the central 
portion. Thus, little Joule's heat occurs in both side 
portions, and little electrostatic damage occurs in both side 
10 portions. 

In the structure of the magnetic detecting element shown 
in Fig. 1, the magnetization of the pinned magnetic layer 26 
can be properly pinned in the height direction, and an 
improvement- in reproduction output, narrowing of the gap, and 
15 the suppression of electrostatic damage can also be realized. 
Therefore, a magnetic detecting element adaptable for a 
future higher recording density can be provided. 

In the magnetic detecting element shown in Fig. 1, the 
recesses 20b provided in both side portions of the lower 
20 shield layer 20 are filled with the second ant i ferromagnetic 
layer 23, and thus the second antif erromagnetic layer 23 has 
a predetermined space D in the track width direction (the X 
direction) . The minimum width dimension of the space D in 
the track width direction is Wfl (the same as the track width 
25 Tw in the embodiment shown in Fig. 1) . 

The minimum dimension of the space C formed in the first 
ant i ferromagnetic layer 30 in the track width direction is WP. 
In the embodiment shown in Fig. 1, the minimum width 
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dimension Wf 1 is the same as or smaller than the minimum 
dimension WP. When the minimum width dimension Wfl is the 
same as or smaller than the minimum dimension WP, the central 
portion 24b of the free magnetic layer 24 is securely 
5 positioned in the narrowest gap (so-called gap length) 
between the shield layers 20 and 36 in the thickness 
direction to suppress widening of the reproduction pulse 
width. (PW50) and. deterioration of resolution. Since the 
central portion 24b of the free magnetic layer 24 has high 
10 reproducing sensitivity and substantially contributes to the 
magnetoresistive effect, the gap between the shield layers 20 
and 36 provided above and below the central portion 24b of 
the free magnetic layer 24 must be decreased to prevent the 
entrance of an excessive external magnetic field into the 
15 central portion 24b. 
.■2 The minimum dimension WP of the space in the first 

antiferromagnetic layer 30 is preferably 0.3 fim or less, and 
more preferably 0.2 |am or less. As a result of the 
experiments described below, it was found that by decreasing 
20 the minimum dimension WP, a unidirectional exchange bias 
magnetic field can be increased to further increase the 
reproduction output. This is because in the central portion 
of the element, the magnetizations of the first and second 
magnetic layers 29 and 27 can be more effectively pinned in 
25 an antiparallel state with decreases in the minimum dimension 
WP. 

Next, the magnetic moment per unit area of each of the 
first and second magnetic layers 29 and 27 constituting the 
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pinned magnetic layer 26 will be described. 

When the synthetic magnetic moment (saturation 
magnetization Ms x thickness t) per unit area obtained by 
subtracting the magnetic moment per unit area of the first 
5 magnetic layer 2 9 from the magnetic moment per unit area of 
the second magnetic layer 27 is in the range of -6 (T-nm) to 
2.6 (T-nm) , in the central portion where the first 
antiferromagnetic layer 30 is not formed, the magnetization 
of the pinned magnetic layer 26 does not rotate or rotates by 

10 a rotational angle 9 which can be suppressed to cos 9 £ 0.8 
or less with a magnetic field in the track width direction. 

The synthetic magnetic moment is more preferably 0 
(T-nm) to 2.6 (T-nm) so that the spin flop magnetic field of 
the pinned magnetic layer 26 can be increased, and a margin 

15 for the magnetic field strength applied in the magnetic field 
annealing for controlling the magnetization of the pinned 
magnetic layer 26 can be widened. Therefore, the 
magnetizations of the first and second magnetic layers 29 and 
27 of the pinned magnetic layer 26 can be appropriately 

20 pinned in antiparallel with. each other in a direction 
parallel to the height direction. 

The thickness difference obtained from subtracting the 
thickness of the first magnetic layer 29 from the thickness 
of the second magnetic layer 27 is preferably in the range of 

25 -30 A to 30 A. In this case, in the central portion of the 
element where the first antiferromagnetic layer 30 is not 
formed, the magnetization of the pinned magnetic layer 26 
does not rotate or rotates by a rotational angle 9 which can 
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be suppressed to cos 9 ^ 0.8 or less with a magnetic field in 
the track width direction. The thickness difference is more 
preferably in the range of 0 A to 30 A so that the spin flop 
magnetic field of the pinned magnetic layer 26 can be 
5 increased, and a margin for the magnetic field strength 

applied in the magnetic field annealing for controlling the 
magnetization of the pinned magnetic layer 26 can be widened. 

In the embodiment shown in Fig. 1, the electrode layers 
33 are provided on the first ant i ferromagnetic layer 30 so 

10 that the sensing current flowing from the electrode layers 33 
to the multilayer film comprising the pinned magnetic layer 
26, the nonmagnetic material layer 25 and the free magnetic 
layer 24 flows in parallel with (the X direction) the film 
plane of each layer. The direction of a sensing current 

15 magnetic field formed by the sensing current preferably 

• coincides with the direction of the synthetic magnetic moment 
of the first and second magnetic layers 2 9 and 27 
constituting the pinned magnetic layer 26 because the 
magnetization of the pinned magnetic layer 26 can be more 

20 strongly pinned. 

Fig. 13 is a partial schematic view showing the pinned 
magnetic layer 26, the nonmagnetic material layer 25 and the 
free magnetic layer 24 shown in Fig. 1, taken along a 
direction parallel to the Y-Z plane. In Fig. 13, the 

25 magnetization of the first magnetic layer 29 is oriented in 
the rightward direction, and the magnetization of the second 
magnetic layer 27 is oriented in the leftward direction. In 
Fig. 13, for example, the first and second magnetic layers 29 
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and 27 are made of the same material, and the thickness of 
the first magnetic layer 29 is larger than that of the second 
magnetic layer 27. Therefore, the magnetic moment 
(saturation magnetization Ms x thickness t) per unit area of 
5 the first magnetic layer 29 is larger than that of the second 
magnetic layer 27, and thus the synthetic magnetic moment is 
oriented in the rightward direction in the drawing. 

On the other hand, the sensing current flows in the 
vertical direction of the drawing, and the sensing current 

10 magnetic field produced by the sensing current is oriented in 
the rightward direction in the drawing near the pinned 
magnetic layer 26. Thus, the direction of the sensing 
current coincides with the direction of the synthetic 
magnetic moment. 

15 Unlike in Fig. 13, in Fig. 14, the magnetic moment per 

unit area of the first magnetic layer 29 is smaller than that 
of the second magnetic layer 27. However, the magnetization 
directions of the first and second magnetic layers 29 and 27 
are opposite to those in Fig. 13 so that the synthetic 

20 magnetic moment is oriented in the rightward direction in the 
drawing, which coincides with the rightward direction of the 
sensing current near the pinned magnetic layer 26. 

In this way, the direction of the synthetic magnetic 
moment can be changed by changing the magnetization direction 

25 and the magnetic moment per unit area of each of the magnetic 
layers 27 and 29. 

Fig. 2 is a partial sectional view of the structure of a 
magnetic detecting element (spin valve thin film element) 
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according to the present invention, as viewed from a surface 
facing a recording medium. The magnetic detecting element 
shown in Fig. 2 is the same type as the magnetic detecting 
element shown in Fig. 1, in which a free magnetic layer 24 is 
5 formed below a first ant i ferromagnetic layer 30. 

The structure of the magnetic detecting element shown in 
Fig. 2 is the same as the magnetic detecting element shown in 
Fig. 1 except the shapes of a second ant i ferromagnetic layer 
23 and the free magnetic layer 24. 

10 In Fig. 2 f the recesses 20b formed in both side portions 

of a lower shield layer 20 in the track width direction (the 
X direction shown in the drawing) are filled with the second 
antif erromagnetic layer 23, and a lower layer 24c of the free 
magnetic layer 24 is also formed on the second 

15 ant i ferromagnetic layer to fill in the recesses 20b. In Fig. 
r 2, an upper layer 24d of the free magnetic layer 24 is formed 
to extend from the lower layer 24c to a seed layer 22 formed 
on a projection 20a of the lower shield layer 20, The 
interface between the lower layer 24c and the upper layer 24d 

20 of the free magnetic layer 24 is difficult to determine, as 
shown by a dotted line, and the lower layer 24c and the upper 
layer 24d are integrally formed. 

In the embodiment shown in Fig. 2, the recesses 20b of 
the lower shield layer 20 are filled with the second 

25 ant if erromagnetic layer 23, and unlike in Fig. 1, a 

nonmagnetic metal thin layer having the same composition as 
that of the second antif erromagnetic layer 23 does not remain 
on the projection 20a of the lower shield layer 20. 
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The difference in the shape of each of the second 
ant i ferromagnetic layer 23 and the free magnetic layer 24 
between Figs. 1 and 2 is caused by a difference between the 
manufacturing processes. Particularly, the effect on an 
5 exchange coupling film comprising the pinned magnetic layer 
26 and the first ant if erromagnetic layer 30 is the same as in 
Fig. 1. 

Figs. 3 to 8 are partial sectional views of the 
structures of magnetic detecting elements (spin valve thin 
10 film elements) according to respective embodiments, as viewed 
from a surface facing a recording medium. Each of the 
magnetic detecting elements shown in Figs* 3 to 8 is the same 
type as the magnetic detecting element shown in Fig. 1 in 
which a free magnetic layer 24 is formed below a first 
15 antif erromagnetic layer 30. 

Although, in Figs. 1 and 2, the second antif erromagnetic 
layer 23 is formed as the magnetization control layer for the 
free magnetic layer 24 , in Figs. 3 to 8, a permanent -magnet 
layer 41 is used for controlling the magnetization of the 
20 free magnetic layer 24. In Figs. 3 to 8 # layers denoted by 
the same reference numerals as in Fig. 1 are the same layers 
as in Fig. 1, and thus a description thereof is omitted. 

As shown in Fig. 3, a lower gap layer 21 is formed on 
the lower shield layer 20 , and a seed layer 22 is formed on 
25 the central portion of the lower gap layer 21 in the track 
width direction (the X direction shown in the drawing) . 
Furthermore, the free magnetic layer 24 is formed on the seed 
layer 22, and a permanent -magnet layer 41 is formed as a 
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magnetization control layer for the free magnetic layer 24 on 
both sides of the free magnetic layer 24 in the track width 
direction. The permanent -magnet layer 41 is made of a CoPt 
alloy, a CoPtCr alloy, or the like. As shown in Fig. 3, a 
5 bias underlying layer 4 0 made of Cr, W, or the like is formed 
below the permanent -magnet layer 41, so that the 
characteristics (coercive force He and remanence ratio S) of 
the permanent -magnet layer 41 can be improved by providing 
the permanent -magnet layer 41 on the bias underlying layer 40. 
10 The track width Tw is regulated by the width dimension of the 
top of the free magnetic layer 24 in the track width 
direction. 

Also, a protective layer 42 made of Ta or the like, and 
a seed layer 22 are laminated on the permanent -magnet layer 
15 41, and thus both side regions A each comprising the 

■ permanent -magnet layer 41, the protective layer 42 and the 
seed layer 22 are formed on both sides of the free magnetic 
layer 24 in the track width direction. 

In Fig. 3, a longitudinal bias magnetic field is applied 
20 to the free magnetic layer 24 from the permanent -magnetic 
layer 41 to bring the magnetization of the free magnetic 
layer 24 into a single domain state in the track width 
direction. 

In Fig. 3, a lower layer 25a of a nonmagnetic material 
25 layer 25 is formed on the free magnetic layer 24, and both 
side regions A are disposed on both sides of the lower layer 
25a. Also, an upper layer 25b of the nonmagnetic material 
layer 25, which is formed integrally with the lower layer 25a, 
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is formed to extend from the lower layer 25a to both side 
regions A, the nonmagnetic material layer 25 comprising the 
lower layer 25a and the upper layer 25b. In Fig. 3, the 
boundary between the lower layer 25a and the upper layer 25b 
5 is denoted by a dotted line. 

As shown in Fig. 3, a pinned magnetic layer 26 having a 
synthetic ferrimagnetic structure comprising a first magnetic 
layer 29, a second magnetic layer 27, and a nonmagnetic 
intermediate layer 28 interposed therebetween is formed on 
10 the nonmagnetic material layer 25. Since an antiparallel 
coupling magnetic field occurs between the first and second 
magnetic layers 29 and 27 due to the RKKY interaction, the 
magnetizations of the first and second magnetic layers 29 and 
27 are antiparallel to each other. 
15 As shown in Fig. 3, the first ant i ferromagnetic layer 30 

is provided only on both side portions 29a of the first 
magnetic layer 29, not provided on the central portion 29b of 
the first magnetic layer 29. Therefore, an exchange coupling 
magnetic field occurs only between the first 
20 ant i ferromagnetic layer 30 and either side portion 29a of the 
first magnetic layer 29, not occur between the first 
antiferromagnetic layer 30 and the central portion 29b of the 
first magnetic layer 29. Therefore, the magnetizations of 
both side portions 29a and 27a of the first and second 
25 magnetic layers 29 and 27 are pinned in a direction parallel 
to the height direction (the Y direction) while maintaining 
an antiparallel state due to the exchange coupling magnetic 
field and the RKKY interaction. 
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On the other hand, the magnetizations of the central 
portions 29b and 27b of the first and second magnetic layers 
2 9 and 27 of the pinned magnetic layer 26 are pinned in a 
direction parallel to the height direction (the Y direction) 
5 while maintaining an antiparallel state due to the RKKY 
interaction and a bias magnetic field through an exchange 
interaction in each magnetic layer. In the embodiment shown 
in Fig. 3, the magnetization of the pinned magnetic layer 26 
can be properly pinned. 
10 In the structure of the magnetic detecting element shown 

in Fig. 3, the magnetization of the pinned magnetic layer 26 
can be properly pinned in the height direction, and an 
improvement in reproduction output, gap narrowing and the 
high resistance to electrostatic damage (ESD) can be realized. 
> 15 Therefore, a magnetic detecting element adaptable for a 
future higher recording density can be provided. 

In the magnetic detecting element shown in Fig. 3, the 
minimum width dimension of the free magnetic layer 24 
provided between the permanent -magnet layers 41 in the track 
20 width direction is Wf 2 (the same as the track width Tw in the 
embodiment shown in Fig. 3) , and the minimum dimension of the 
space C formed at its center of the first ant i ferromagnetic 
layer 30 in the track width direction is WP. 

In the embodiment shown in Fig. 3, the minimum width 
25 dimension Wf2 is the same as or smaller than the minimum 

dimension WP. In this way, when the minimum width dimension 
Wf 2 is the same as or smaller than the minimum dimension WP, 
the free magnetic layer 24 can be securely disposed in the 
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narrowest gap (gap length) between the shield layers 20 and 
36 in the thickness direction, thereby suppressing widening 
of the reproduction pulse width (PW50) and deterioration in 
resolution. 

5 In the embodiment shown in Fig. 3, electrode layers 33 

are provided on the first ant i ferromagnetic layer 3 0 so that 
the sensing current flowing from the electrode layers 33 to 
the multilayer film comprising the pinned magnetic layer 26, 
the nonmagnetic material layer 25 and the free magnetic layer 

10 24 flows in parallel (the X direction) with the film plane of 
each layer. In this case, the direction of a sensing current 
magnetic field formed by the sensing current preferably 
coincides with the direction of the synthetic magnetic moment 
of the first and second magnetic layers 29 and 27 

15 constituting the pinned magnetic layer 26, for strongly 

pinning the magnetization of the pinned magnetic layer 26. 
The way of coinciding the direction of the synthetic magnetic 
moment with the direction of the sensing current magnetic 
field is described above with reference to Figs. 13 and 14. 

20 The preferred range of the synthetic magnetic moment per 

unit area of the first and second magnetic layers 29 and 27 
is described above with reference to Fig. 1. In Fig. 3, 
however, second magnetic field annealing performed in the 
manufacturing method described below is unnecessary, and thus 

25 the synthetic magnetic moment need not be set to 0 T-nm or 
more . 

Fig. 4 is different from Fig. 3 in that a seed layer 22, 
a free magnetic layer 24 and a nonmagnetic material layer 25 
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are formed on the central portion of a lower gap layer 21 in 
the track width direction (the X direction shown in the 
drawing) , a lower layer 27c of a second magnetic layer 27 
constituting a pinned magnetic layer 26 is formed on the 
5 nonmagnetic material layer 25, and both side regions A each 
comprising a permanent -magnet layer 41 are formed on both 

- sides of the layers ranging from the seed layer 22 to the 
lower layer 27c in the track width direction. 

In Fig. 4, an upper layer 27d of the second magnetic 
10 layer 2 7 is formed to extend from the lower layer 27c of the 
second magnetic layer 27 to both side regions A, the second 
magnetic layer 27 comprising the lower layer 27c and the 
upper layer 27d integrally formed. 

Fig. 5 is different from Figs. 3 and 4 in that a seed 
15 layer 22, a free magnetic layer 24, a nonmagnetic material 

- layer 25, and a second magnetic layer 27 and a nonmagnetic 

? intermediate layer 28 constituting a pinned magnetic layer 26 
are formed on the central portion of a lower gap layer 21 in 
the track width direction (the X direction shown in the 

20 drawing), a lower layer 29c of a first magnetic layer 29 is 
formed on the nonmagnetic intermediate material layer 28, and 
both side regions A each comprising a permanent -magnet layer 
41 are formed on both sides of the layers ranging from the 
seed layer 22 to the lower layer 29c of the first magnetic 

25 layer 29 in the track width direction. 

In Fig. 5, an upper layer 29d of the first magnetic 
layer 29 is formed to extend from the lower layer 29c of the 
first magnetic layer 29 to both side regions A, the first 
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magnetic layer 29 comprising the lower layer 29c and the 
upper layer 29d integrally formed. 

Fig. 6 is different from Figs. 3 to 5 in that a seed 
layer 22, a free magnetic layer 24 , a nonmagnetic material 
layer 25, and a second magnetic layer 27 and a nonmagnetic 
intermediate layer 28 constituting a pinned magnetic layer 26 
are formed on the central portion of a lower gap layer 21 in 
the track width direction (the X direction shown in the 
drawing), a lower layer 43a of a magnetic intermediate layer 
43 is formed on the nonmagnetic intermediate layer 28, and 
both side regions A each comprising a permanent -magnet layer 
41 are formed on both sides of the layers ranging from the 
seed layer 22 to the lower layer 43a of the magnetic 
intermediate layer 43 in the track width direction. 

In Fig. 6, an upper layer 43b of the magnetic 
intermediate layer 43 is formed to extend from the lower 
layer 43a of the magnetic intermediate layer 43 to both side 
regions A, the magnetic intermediate layer 43 comprising the 
lower layer 43a and the upper layer 43b integrally formed. 
Furthermore, a nonmagnetic intermediate layer 44 made of the 
same material as the nonmagnetic intermediate layer 28 is 
formed on the magnetic intermediate layer 43, and a first 
magnetic layer 2 9 is formed on the nonmagnetic intermediate 
layer 44. In Fig. 6, the pinned magnetic layer 26 has a 
five- layer laminated structure. 

Fig. 7 is different from Figs. 3 to 6 in that a seed 
layer 22, a free magnetic layer 24, a nonmagnetic material 
layer 25, and a second magnetic layer 27 and a nonmagnetic 
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intermediate layer 28 constituting a pinned magnetic layer 26 
are formed on the central portion of a lower gap layer 21 in 
the track width direction (the X direction shown in the 
drawing) , and both side regions A each comprising a 
5 permanent -magnet layer 41 are formed on both sides of the 
layers ranging from the seed layer 22 to the nonmagnetic 
intermediate layer 2 8 in the track width direction. 

In Fig. 7 , a first magnetic layer 29 is formed to extend 
from the nonmagnetic intermediate layer 2 8 to both side 
10 regions A. 

Fig. 8 is different from Figs. 3 to 7 in that a seed 
layer 22, a free magnetic layer 24 , a nonmagnetic material 
layer 25, and a second magnetic layer 27 and a nonmagnetic 
intermediate layer 28 constituting a pinned magnetic layer 26 
15 are formed on the central portion of a lower gap layer 21 in 
the track width direction (the X direction shown in the 
drawing) , and both side regions A each comprising a 
permanent -magnet layer 41 are formed on both sides of the 
layers ranging from the seed" layer 22 to the nonmagnetic 
20 intermediate layer 28 in the track width direction. 

In Fig. 8, a magnetic intermediate layer 43 is formed to 
extend from the nonmagnetic intermediate layer 28 to both 
side regions A, and a nonmagnetic intermediate layer 44 and a 
first magnetic layer 2 9 are laminated on the magnetic 
25 intermediate layer 43. 

The differences between the structures shown in Figs. 3 
to 8 are due to the manufacturing methods. When the lower 
layer 25a and the upper layer 25b are separately formed to 
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form the nonmagnetic material layer 25 as shown in Fig. 3, or 
when the lower layer 27c and the upper layer 27d are 
separately formed to form the second magnetic layer 27 as 
shown in Fig. 4, a disturbance easily occurs between the 
5 atomic arrangements of the lower layer and the upper layer to 
cause a fear that MR characteristics deteriorate. However, 
the effect of securely pinning the magnetizations of both 
side portions of the pinned magnetic layer 26 can be expected. 
In Fig. 5, the lower layer 2 9c and the upper layer 29d 

10 of the first magnetic layer 2 9 are separately formed, and 
thus there remains a fear about whether or not the 
magnetization of the central portion of the pinned magnetic 
layer 26 is properly pinned. However, an improvement in MR 
characteristics can be expected. 

15 In Fig. 6, the magnetic intermediate layer 43 is 

provided in the pinned magnetic layer 26 to cause a fear that 
the reproduction output is decreased by a current loss to the 
magnetic intermediate layer 43. However, the optimization of 
magnetization pinning of the pinned magnetic layer 26 and an 

20 improvement in MR characteristics can be expected. 

Like in Fig. 5, in Fig. 7, there remains a fear about 
whether or not the magnetization of the central portion of 
the pinned magnetic layer 26 is properly pinned, but an 
improve in MR characteristics can be expected. Like in Fig. 

25 6, in Fig. 8, there is a fear that the reproduction output is 
decreased by a current loss to the magnetic intermediate 
layer 43, but the optimization of magnetization pinning of 
the pinned magnetic layer 26 and an improvement in MR 
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characteristics can be expected. 

In the magnetic detecting element shown in Fig. 9, a 
pair of permanent magnet layers 41 is formed on a lower gap 
layer 21 with a predetermined space in the track width 
5 direction (the X direction shown in the drawing) , and a free 
magnetic layer 24 is formed on the permanent -magnet layers 41 
: and on the space between the permanent -magnet layers 41. In 
this embodiment, the free magnetic layer 24 is preferably in 
direct contact with the permanent -magnet layers 41, for 
10 appropriately suppressing the occurrence of side reading. 

Fig. 10 is a partial, sectional view of the structure of 
a magnetic detecting element (spin valve thin film element) 
according to the present invention, as viewed from a surface 
facing a recording medium. The magnetic detecting element 
15 shown in Fig. 10 is a type in which a free magnetic layer 24 
■r is formed above a first ant i ferromagnetic layer 30. 

As shown in Fig. 10, the lower shield layer 20 has a 
projection 20a provided at its center in the track width 
direction (the X direction shown in the drawing) to project 
20 in the thickness direction (the Z direction shown in the 
drawing) , and recesses 20b provided on both sides of the 
projection 20a in the track width direction. 

As shown in Fig. 10, a lower gap layer 21 made of an 
insulating material such as Al 2 0 3 or the like is formed on 
25 the top of the projection 20a of the lower shield layer 20. 
The lower gap layer 21 is also formed on both side ends 20al 
of the projection 20a in the track width direction and on the 
bottoms of the recesses 20b. 
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As shown in Fig. 10, a seed layer 22 made of a NiFe 
alloy, a NiFeCr alloy or Cr is formed on the lower gap layer 
21 formed on the bottoms of the recesses 2 0b and the 
projection 20a of the lower shield layer 20. 
5 As shown in Fig. 10, a first anti ferromagnetic layer 30 

is formed on the seed layer 22 formed in the recesses 20b of 
the lower shield layer 20. Namely, the recesses 20b formed 
in the lower shield layer 20 are filled with the first 
anti ferromagnetic layer 30. 

10 The first anti ferromagnetic layer 30 is not formed on 

the seed layer 22 formed on the projection 20a of the lower 
shield layer 20 so that exchange coupling magnetic fields are 
produced between the first ant if erromagnetic layer 3 0 and 
both side portions 2 9a of the first magnetic layer 2 9 

15 constituting the pinned magnetic layer 26. A nonmagnetic 

metal layer having the same composition as that of the first 
ant if erromagnetic layer 30 may also be formed to a thickness 
smaller than 50 A on the projection 20a of the lower shield 
layer 20. In this case, an exchange coupling magnetic field 

20 is not produced between the nonmagnetic metal layer and the 
central portion 29b of the first magnetic layer 29 
constituting the pinned magnetic layer 26. Namely, since the 
nonmagnetic metal layer is thin, the nonmagnetic metal layer 
cannot be transformed from a disordered lattice to an ordered 

25 lattice even by a heat treatment in a magnetic field. 

As shown in Fig. 10, the first magnetic layer 29 is 
formed to extend from the seed layer 22 formed on the 
projection 20a of the lower shield layer 20 to the first 
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antif erromagnetic layer 30 , and a second magnetic layer 27 is 
formed on the first magnetic layer 29 with a nonmagnetic 
intermediate layer 28 provided therebetween. The pinned 
magnetic layer 26 is formed in a synthetic f errimagnetic 
5 structure comprising the first magnetic layer 29, the second 
magnetic layer 27, and the nonmagnetic intermediate layer 28. 
Magnetizations of the first and second magnetic layers 29 and 
27 are pinned while maintaining an antiparallel state in 
parallel with the height direction (the Y direction) . 

10 Furthermore, a nonmagnetic material layer 25 is formed 

on the pinned magnetic layer 26. The nonmagnetic material 
layer 25 has a projecting central portion 25c in the track 
width direction (the X direction) , and recessed both sides 
25d on both sides of the central portion 25c. Also, a free 

15 magnetic layer 24 and a protective layer 46 made of Ta are 

formed on the central portion 25c of the nonmagnetic material 
layer 25, and a permanent -magnet layers 41 is formed to 
extend from each of both side portions 25d of the nonmagnetic 
material layer 25 to each side ends of at least the free 

20 magnetic layer 24 in the track width direction. The bottoms 
of the permanent -magnet layers 41 are preferably positioned 
above at least the pinned magnetic layer 26. When the 
bottoms of the permanent -magnet layers 41 are positioned 
below the surface of the pinned magnetic layer 26, both side 

25 portions of the pinned magnetic layer 26 in the track width 
direction are partially removed to fail to properly pin the 
magnetization of the pinned magnetic layer 26. Therefore, 
the bottoms of the permanent -magnet layers 41 must be 
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positioned above at least the pinned magnetic layer 26. 

In Fig. 10 , bias underlying layers 40 made of Cr or the 
like are preferably formed between at least the permanent - 
magnet layers 41 and both side portions 25d of the 
5 nonmagnetic material layer 25, for improving the 

characteristics of the permanent -magnet layers 41. By 
providing a Ta layer below each bias underlying layer 40, the 
crystal orientation of a body-centered cubic structure of 
each bias underlying layer 40 can be optimized to preferably 

10 further improve the characteristics (coercive force He and 
remanence ratio S) of the permanent -magnet layers 41. When 
the bias underlying layers and Ta layer are provided, the 
bottoms of these layers must be positioned above at least the 
pinned magnetic layer 26. 

15 As shown in Fig. 10, electrode layers 33 are provided on 

the respective permanent -magnet layers 41 with ant i -diffusion 
layers 45 provided therebetween and made of Ta. 

Like in the magnetic detecting elements shown in Figs. 1 
to 8, in the magnetic detecting element shown in Fig. 10, the 

20 pinned magnetic layer 26 has a synthetic f errimagnetic 

structure comprising a first magnetic layer 29 in contact 
with the first antif erromagnetic layer 30, a second magnetic 
layer 27 facing the first magnetic layer 29 in the thickness 
direction, and a nonmagnetic intermediate layer 28 interposed 

25 between the first and second magnetic layer 29 and 27. Since 
an antiparallel coupling magnetic field occurs between the 
first and second magnetic layers 2 9 and 27 due to the RKKY 
interaction, the magnetizations of both magnetic layers 29 
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and 27 are antiparallel to each other. 

The first ant i ferromagnetic layer 3 0 is formed to a 
large thickness below both side portions 29a of the first 
magnetic layer 29. Therefore, an exchange coupling magnetic 
5 field occurs between the first ant if erromagnetic layer 3 0 and 
both side portions 29a of the first magnetic layer 29, so 
that the magnetizations of both side portions 29a and 27a of 
the first and second magnetic layers 29 and 2 7 are pinned in 
parallel with the height direction (the Y direction) while 
10 maintaining an antiparallel state due to the exchange 
coupling magnetic field and RKKY interaction. 

On the other hand, in the central portion of the pinned 
magnetic layer 26, the first antif erromagnetic layer 30 is 
not formed below the first magnetic layer 29, and thus an 
15 exchange coupling magnetic field is not produced in the 

central portion of the first magnetic layer 29. However, the 
magnetizations of the central portions 29b and 27b of the 
first and second magnetic layers 29 and 27, respectively, are 
pinned in parallel with the height direction (the Y 
20 direction) while maintaining an antiparallel state due to a 
bias magnetic field through an exchange interaction in each 
magnetic layer and the RKKY interaction. Therefore, in the 
embodiment shown in Fig. 10, the magnetization of the pinned 
magnetic layer 26 can be properly pinned. 
25 In the magnetic detecting element having the structure 

shown in Fig. 10, the first antif erromagnetic layer 30 is not 
formed below the central portion 29b of. the first magnetic 
layer 29, or the nonmagnetic metal layer having the same 
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composition as the first ant i ferromagnetic layer 30 is formed 
to a thickness smaller than 50 A below the central portion 
29b. Therefore, the sensing current flowing from the 
electrode layers 33 mainly to the nonmagnetic material layer 
5 25 little shunts to the first ant i ferromagnetic layer 30, 
thereby decreasing a shunt loss and improving the 
reproduction output. 

When the nonmagnetic metal layer having the same 
composition as that of the first anti ferromagnetic layer 30 

10 is not provided or provided to a thickness smaller than 50 A 
below the central portion 29b of the first magnetic layer 29, 
in the central portion of the element, the distance between 
the shield layers 20 and 36 can be narrowed, i.e., so-called 
gap narrowing can be realized. 

15 Furthermore, when the nonmagnetic metal layer having the 

same composition as that of the first anti ferromagnetic layer 
30 is not provided or provided to a thickness smaller than 50 
A below the central portion 29b of the first magnetic layer 
29, magnetic electrostatic damage (soft ESD) little occurs in 

20 the central portion of the pinned magnetic layer 26 . 

In this way, in the structure of the magnetic detecting 
element shown in Fig. 10, the magnetization of the pinned 
magnetic layer 26 can be properly pinned in the height 
direction, and an improvement in the reproduction output and 

25 gap narrowing can be realized. Therefore, a magnetic 

detecting device adaptable for a future higher recording 
density cam be provided. 

In the magnetic detecting element shown in Fig. 10, the 
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minimum width dimension of the free magnetic layer 24 
disposed between the permanent -magnet layers 41 in the track 
width direction is Wf 3 (the same as the track width Tw in the 
embodiment shown in Fig. 10) . 
5 The minimum dimension of the space C formed in the first 

anti ferromagnetic layer 30 in the track width direction is WP. 

In the embodiment shown in Fig. 10 , the minimum width 
dimension Wf3 is the same as or smaller than the minimum 
dimension WP. When the minimum width dimension Wf3 is the 

10 same as or smaller than the minimum dimension WP, the free 
magnetic layer 24 is securely positioned in the narrowest 
space (so-called gap length) between the shield layers 2 0 and 
36 in the thickness direction to suppress widening of the 
reproduction pulse width (PW50) and deterioration of 

15 resolution. 

- In the embodiment shown in Fig. 10, electrode layers 33 

are provided on the permanent -magnet layers 41 through anti- 
diffusion layers 45 so that the sensing current flowing from 
the electrode layers 33 to the multilayer film comprising the 

20 pinned magnetic layer 26, the nonmagnetic material layer 25 
and the free magnetic layer 24 flows in parallel (the X 
direction) with the film plane of each layer. In this case, 
the direction of a sensing current magnetic field formed by 
the sensing current preferably coincides with the direction 

25 of a synthetic magnetic moment of the first and second 

magnetic layers 29 and 27 constituting the pinned magnetic 
layer 26, for strongly pinning the magnetization of the 
pinned magnetic layer 26. The way of coinciding the 
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direction of the synthetic magnetic moment with the direction 
of the sensing current magnetic field is described above with 
reference to Figs. 13 and 14. 

The preferred range of the synthetic magnetic moment per 
5 unit area of the pinned magnetic layer 26 is described above 
with reference to Fig. 1. In Fig. 10 , however, second 
magnetic field annealing performed in the manufacturing 
method described below is unnecessary, and thus the synthetic 
magnetic moment need not be set to 0 T-nm or more. 

10 Fig. 11 is a partial sectional view of the structure of 

a magnetic detecting element (spin valve thin film element) 
according to the present invention, as viewed from a surface 
facing a recording medium. The magnetic detecting element 
shown in Fig. 11 is the same type as in Fig. 10 in which a 

15 free magnetic layer 24 is formed above a first 

ant i ferromagnetic layer 30. In Fig. 11, layers denoted by 
the same reference numerals as in Fig. 10 are the same layers 
as in Fig. 10, and thus the description thereof is omitted. 
The magnetic detecting element shown in Fig. 11 is the 

20 same as the magnetic detecting element shown in Fig. 10 in 
the structure ranging from the lower shield layer 20 to the 
pinned magnetic layer 26. 

The nonmagnetic material layer 25 having a uniform 
thickness is formed on the pinned magnetic layer 26 in the 

25 track width direction, and the free magnetic layer 24 is 
formed on the nonmagnetic material layer 25. 

As shown in Fig. 11, a nonmagnetic intermediate layer 52 
is formed on the free magnetic layer 24, and ferromagnetic 
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layers 48 are formed on both side portions 24a of the free 
magnetic layer 24 in the track width direction (the X 
direction) through the nonmagnetic intermediate layer 52, 
Also, a second ant i ferromagnetic layer 23 having a space 
5 larger than the space between the ferromagnetic layers 48 in 
the track width direction (the X direction) is formed on the 
ferromagnetic layers 48. Furthermore, stopper layers 53 made 
of Cr or the like, protective layers 49 made of Ta or the 
like, and stopper layers 50 made of Cr or the like, and 
10 protective layers 51 made of Ta or the like are formed on the 
second ant i ferromagnetic layer 23. 

The magnetizations of the ferromagnetic layers 48 
overlapped with the second ant i ferromagnetic thick layer 23 
in the thickness direction (the Z direction) are strongly 
15 pinned in the track width direction (the X direction) by an 
r exchange coupling magnetic field produced between the 
ferromagnetic layers 48 and the second ant i ferromagnetic 
layer 23. In the regions facing the ferromagnetic layers 48 
in the thickness direction, each ferromagnetic layer 48 
20 having the strongly pinned magnetization, the magnetization 
of the free magnetic layer 24 is pinned in a direction 
opposite to the magnetization direction of the ferromagnetic 
layers 48 by exchange coupling due to the RKKY interaction 
between the free magnetic layer 24 and the ferromagnetic 
25 layers 48. 

On the other hand, in the regions extending from the 
inner ends 23b of the second ant i ferromagnetic layer 23 to 
the center in the track width direction (the X direction) , a 
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bias magnetic field through an exchange interaction in the 
ferromagnetic layers 48 and the free magnetic layer 24, and 
exchange coupling due to the RKKY interaction produced 
between the ferromagnetic layers 48 and the free magnetic 
5 layer 24 act on the ferromagnetic layers 48 and the free 
magnetic layer 24 facing the ferromagnetic layers 48 in the 
thickness direction (the Z direction) . Therefore, in the 
regions extending from the inner ends 23b of the second 
antiferromagnetic layer 23 to the center in the track width 
10 direction (the X direction) , the sensitivity of the 

ferromagnetic layers 48 and the free magnetic layer 24 can be 

lowered to zero. 

Also, the ferromagnetic layers 48 are not formed on the 
central portion 24b of the free magnetic layer 24 in the 

15 track width direction with the nonmagnetic intermediate 

layers 52 provided therebetween in the thickness direction. 
Therefore, only the bias magnetic field acts through the 
exchange interaction in each magnetic layer without exchange 
coupling due to the RKKY interaction between the second 

20 antiferromagnetic layer 23 and the central portion 24b. The 
central portion 24b of the free magnetic layer 24 is thus put 
into a single magnetic domain state to an extent which 
permits magnetization reversal with high sensitivity to an 
external magnetic field. 

25 The synthetic magnetic moment (Net Mst) per unit area of 

the free magnetic layer 24 and the ferromagnetic layers 48 is 
preferably 0 T-nm to 2 . 6 T-nm. By setting the synthetic 
magnetic moment (Net Mst) in the above range, the 
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reproduction sensitivity of a portion where the free magnetic 
layer 24 overlaps with each ferromagnetic layer 48 can be 
properly decreased. Specifically, the sensitivity {Av (±100 
Oe)/Av (±4000 Oe) can be decreased to 0.2 or less. 
5 The reason why the Met Mst is set to be a plus value, 

i.e., why the magnetic moment per unit area of the free 
magnetic layer is set to be lager than the magnetic moment 
per unit area of the ferromagnetic layers, is to improve the 
stability of a reproduction waveform, and facilitate the 
10 magnetic field annealing step for controlling the 

magnetization direction of the free magnetic layer 24. 

In the present invention, the thickness difference 
obtained by subtracting the thickness (t) of the 
ferromagnetic layers 48 from the thickness (t) of the free 
15 magnetic layer 24 is preferably 0 A to 30 A. By setting the 
thickness difference in this range, the reproduction 
: sensitivity of the portion where the free magnetic layer 24 
overlaps with each ferromagnetic layer 48 can be properly 
decreased. Specifically, the sensitivity {Av (±100 Oe) /Av 
20 (±4000 Oe) can be decreased to 0.2 or less. Also, when the 
thickness of the free magnetic layer 24 is larger than the 
thickness of the ferromagnetic layers 48, the same effect as 
that achieved with a plus value of Net Mst can be obtained. 
The minimum width dimension Wf3 shown in Fig. 10 
25 corresponds to the minimum width dimension Wf4 of the space 
between the ferromagnetic layers 48 in the track width 
direction in Fig. 11. The minimum width dimension Wf4 is the 
same as or smaller than the minimum dimension WP so that the 
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central portion 24b of the free magnetic layer 24 can be 
positioned in the narrowest space (so-called gap length) 
between the shield layers 20 and 36 in the thickness 
direction, thereby suppressing widening of the reproduction 
5 pulse width (PW50) and deterioration in resolution. 

Fig. 12 is a partial sectional view of the structure of 
a magnetic detecting element (spin valve thin film element) 
according to the present invention, as viewed from a surface 
facing a recording medium. The magnetic detecting element 

10 shown in Fig. 12 is the same type as in Figs. 10 and 11 in 
which a free magnetic layer 24 is formed above a first 
ant i ferromagnetic layer 30. In Fig. 12, layers denoted by 
the same reference numerals as in Figs. 10 and 11 are the 
same layers as in Figs. 10 and 11, and thus the description 

15 thereof is omitted. 

In Fig. 12, the lower gap layer 21 and the seed layer 22 
are formed on the lower shield layer 20, the seed layer 22 
having a flat surface. The first ant i ferromagnetic layer 30 
is formed on the flat surface so that the first 

20 antif erromagnetic layer 30 is thick in both side portions 30c 
in the track width direction. A nonmagnetic metal layer 
having the same composition as the first antif erromagnetic 
layer 30 is left with a thickness, for example, smaller than 
50 A, in the central portion 30d. However, the nonmagnetic 

25 metal layer having the same composition as the first 

antif erromagnetic layer 30 need not be formed in the central 
portion 30d. 

Since the first antif erromagnetic layer 30 is formed on 
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the flat surface so that it becomes thick in both side 
portions, the magnetic detecting element has a shape in which 
the both side portions rise, and the central portion is 
depressed. In Fig. 12, the ferromagnetic layers 48 and the 
5 second ant i ferromagnetic layers 23 are used as layers for 
controlling the magnetization of the free magnetic layer 24. 
The shapes of these layers are described above with reference 
to Fig. 11. 

The magnetic detecting element of the structure shown in 

10 Fig. 12 has the same effect as that of the magnetic detecting 
element shown in Fig. 10. Namely, the magnetization of the 
pinned magnetic layer 26 can be properly pinned in the height 
direction, and an improvement in the reproduction output and 
narrowing of the gap can be realized. Therefore, a magnetic 

15 detecting element adaptable for a future higher recording 
density can be provided. 

Fig. 15 is a partial sectional view of the structure of 
a magnetic detecting element (spin valve thin film element) 
according to the present invention, as viewed from a surface 

20 facing a recording medium. 

Fig. 15 shows the structure of a dual spin valve thin 
film element. In each of the magnetic detecting elements 
shown in Figs. 1 to 12, each of the free magnetic layer 24 
and the pinned magnetic layer 26 is provided singly. However, 

25 in Fig. 15, one free magnetic layer 24 and two pinned 
magnetic layers 26 and 64 are provided. The magnetic 
detecting element shown in each of Figs. 1 to 12 is referred 
to as a "single spin valve thin film element", and the 
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magnetic detecting element shown in Fig. 15 is referred to as 
a "dual spin valve thin film element". Although the dual 
spin valve thin film element has the effect of increasing a 
rate of resistance change as compared with the single spin 
5 valve thin film element, the dual spin valve thin film 
element has a disadvantage that the gap length increases. 

The structure of the magnetic detecting element shown in 
Fig. 15 is similar to that shown in Fig. 7. Namely, the 
magnetic detecting element shown in Fig. .15 corresponds to 

10 the magnetic detecting element shown in Fig. 7 converted to a 
dual spin valve thin film element. 

Namely, in Fig. 15, a third antif erromagnetic layer 60 
is provided on the seed layer 20, and the lower pinned 
magnetic layer 64 is provided on the third antif erromagnetic 

15 layer 60. The pinned magnetic layer 64 has a synthetic 

f errimagnetic structure comprising the tree layers including 
a first magnetic layer 61, a second magnetic layer 63 facing 
the first magnetic layer 61 in the thickness direction, and a 
nonmagnetic intermediate layer 62 interposed between both 

20 magnetic layers 61 and 63. 

The free magnetic layer 24 is formed on the. lower pinned 
magnetic layer 64 with a nonmagnetic material layer 65 
provided therebetween, the nonmagnetic material layer 65 
having the same film structure and shape as in Fig. 7. 

25 In Fig. 15, both side regions B each comprising a 

laminate of a bias underlying layer 40, a permanent -magnet 
layer 41, a protective layer 42 and a seed layer 22 are 
formed on both sides of the layers in the track width 
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direction (the X direction) , the layers ranging from the seed 
layer 22 to the nonmagnetic intermediate layer 28 
constituting the upper pinned magnetic layer 26. 

Fig. 16 is a partial sectional view of the structure of 
5 a magnetic detecting element (spin valve thin film element) 
according to the present invention , as viewed from a surface 
facing a recording medium. Like Fig. 15 , Fig. 16 shows the 
structure of a dual spin valve thin film element. 

The structure of the magnetic detecting element shown in 

10 Fig. 16 is similar to that shown in Fig. 10. Namely, the 
magnetic detecting element shown in Fig. 16 corresponds to 
the magnetic detecting element shown in Fig. 10 converted to 
a dual spin valve thin film element. 

In Fig. 16, a structure ranging from a lower shield 

15 layer 20 to a nonmagnetic material layer 25 is the same as in 
Fig. 10. Namely, a free magnetic layer 24, a nonmagnetic 
material layer 65, a pinned magnetic layer 64 having a three- 
layer synthetic f err imagne tic structure comprising a first 
magnetic layer 61, a second magnetic layer 63 and a 

20 nonmagnetic intermediate layer 62 interposed between both 

magnetic layers 61 and 63, a third antif err omagnetic layer 60, 
and a protective layer 67 made of Ta are laminated on the 
central portion of the nonmagnetic material layer 25 in the 
track width direction (the X direction) . Also, an under lying 

25 layer 66 made of Ta, a bias underlying layer 40, a permanent- 
magnet layer 41, an anti -diffusion layer 45 and an electrode 
layer 33 are formed in that order from below on either side 
of the layers in the track width direction, the layers 
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ranging from the free magnetic layer 24 to the protective 
layer 67 . 

As shown in Figs. 15 and 16, an exchange coupling film 
comprising the first ant i ferromagnetic layer 3 0 and the 
5 pinned magnetic layer 26 formed above or below the free 
magnetic layer 24 has the same structure as the exchange 
coupling film of each of the single spin valve thin film 
elements shown in Fig, 1 to 12. Namely, the pinned magnetic 
layer 26 has the synthetic f errimagnetic structure, and at 

10 least the first ant i ferromagnetic layer 30 is provided in 

contact with both side portions of the pinned magnetic layer 
26 in the track width direction to produce the exchange 
coupling magnetic fields only between the first 
ant i ferromagnetic layer 30 and both side portions of the 

15 first magnetic layer 29 constituting the pinned magnetic 
layer 26. 

Therefore, in the structure of the dual spin valve thin 
film element shown in Fig. 15 or 16, the magnetization of the 
pinned magnetic layer 26 can be properly pinned in the height 

20 direction, and an improvement in the reproduction output and 
gap narrowing can be realized. Therefore, a magnetic 
detecting element adaptable for a future higher recording 
density can be provided. 

In Figs. 15 and 16, the third antif erromagnetic layer 60 

25 in contact with the other pinned magnetic layer 64 in the 
thickness direction is provided over the upper or lower 
surface of the pinned magnetic layer 64. However, like the 
first antif erromagnetic layer 30, at least the third 
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antiferromagnetic layer 60 is provided in contact with both 
side portions of the pinned magnetic layer 64 in the track 
width direction to produce the exchange coupling magnetic 
fields only between the third antiferromagnetic layer 3 0 and 
5 both side portions of the first magnetic layer 61 

constituting the pinned magnetic layer 64, thereby permitting 
a further improvement in the reproduction output and further 
narrowing of the gap. Therefore, a magnetic detecting 
element adaptable for a future higher recording density can 
10 be provided. 

Fig. 17 is a partial sectional view of the structure of 
a magnetic detecting element (spin valve thin film element) 
according to the present invention, as viewed from a surface 
facing a recording medium. 
15 Each of the magnetic detecting elements shown in Figs. 1 

to 16 is a CIP (current in the plane) type in which a sensing 
current from the electrode layers 33 flows in substantially 
parallel with each film plane of the multilayer film 
comprising the pinned magnetic layer 26, the nonmagnetic 
20 material layer 25 and the free magnetic layer 24. However, 
the construction of each of the magnetic detecting elements 
shown in Figs. 1 to 16 can be applied to a CPP (current 
perpendicular the plane) type in which the sensing current 
flows in the thickness direction of each of the layers of the 
25 multilayer film. 

In the embodiment shown in Fig. 17, the magnetic 
detecting element shown in Fig. 1 is converted to the CPP 
type. In Fig. 17, the layers denoted by the same reference 
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numerals as in Fig. 1 are the same layers as in Fig. 1. 

In the embodiment shown in Fig. 17, the lower shield 
layer 20 functions both as a shield layer and as a lower 
electrode layer. Also, the seed layer 22 is preferably 
provided on the lower shield layer 20 to function as a lower 
gap layer because the parasitic resistance of the element can 
be decreased when a gap layer made of an insulating material 
is not provided on the lower shield layer 20. 

In Fig. 17, insulating layers 70 are disposed in the 
portions where the electrode layers 33 shown in Fig. 1 are 
provided, and a protective layer 71 made of a nonmagnetic 
material such as Ta or the like is formed on the insulating 
layers 70 and on the first magnetic layer 29 exposed from the 
space C of the first ant i ferromagnetic layer 30. The upper 
shield layer 36 is formed on the protective layer 71. The 
protective layer 71 functions as an upper gap layer, and the 
upper shield layer 36 functions both as a shield layer and as 
an upper electrode layer. 

In Fig. 17, the nonmagnetic material layer 25 is made of, 
for example, Cu. However, in a tunneling magnet oresistive 
element (TMR element) using the principle of a tunneling 
effect, the nonmagnetic material layer 25 is made of an 
insulating material, for example, Al 2 0 3 or the like. 

Like in Fig. 1, in the CPP type magnetic detecting 
element shown in Fig. 17, the magnetization of the pinned 
magnetic layer 26 can be properly pinned in the height 
direction, and gap narrowing can be realized. Therefore, a 
magnetic detecting element adaptable for a future higher 
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recording density can be provided. 

As described above, the first ant i ferromagnetic layer 30 
is provided above or below both side portions of the first 
magnetic layer 29 constituting the pinned magnetic layer 26, 
5 and the nonmagnetic metal layer having the same composition 
as the first anti ferromagnetic layer 3 0 may be provided in 
the space C formed at the center of the first 
anti ferromagnetic layer 30 in the track width direction (the 
X direction) . However, when the nonmagnetic metal layer is 
10 provided, the technique described below is preferably made 
for desirably pinning the magnetization of the central 
portion of the pinned magnetic layer 26. 

Fig. 18 shows a structure of the magnetic detecting 
element shown in Fig. 1 in which a nonmagnetic metal material 
15 100 is provided in the space C at the center of the first, 
antif erromagnetic layer 30. 

The nonmagnetic metal layer 100 has the same composition 
as the first antif erromagnetic layer. 30 formed on both sides 
of the space. For example, the nonmagnetic metal layer 100 
20 is made of a PtMn alloy or X-Mn (wherein X is at least one 
element of Pt, Pd, Ir, Rh, Ru, Os, Ni, and Fe) alloy. 

The thickness of the nonmagnetic metal layer 100 is 
smaller than that of the first antif erromagnetic layer 30, 
and preferably 5 A to 50 A. 
25 When the thickness of the nonmagnetic metal layer 100 

made of a PtMn alloy or X-Mn (wherein X is at least one 
element of Pt, Pd, Ir, Rh, Ru, Os, Ni, and Fe) alloy is in 
the above range, the nonmagnetic metal layer maintains a 



- 81 - 



face-centered cubic crystal structure (fee) given at the time 
of deposition. When the thickness of the nonmagnetic metal 
layer 100 is larger than 50 A, the crystal structure of the 
nonmagnetic metal layer 100 is undesirably transformed into a 
5 CuAuI-type ordered face-centered tetragonal structure (fct) 
by heating to about 250 °C or more in the same manner as the 
first antif erromagnetic layer 30. However, even when the 
thickness of the nonmagnetic metal layer 100 is larger than 
50 A, the nonmagnetic metal layer 100 maintains the face- 

10 centered cubic (fee) crystal structure given at the time of 
deposition unless it is heated to about 250°C or more. 

When the nonmagnetic metal layer 100 made of a PtMn 
alloy or X-Mn (wherein X is at least one element of Pt, Pd, 
Ir, Rh, Ru, Os, Ni, and Fe) alloy has the face-centered cubic 

15 crystal structure (fee) , no or very low exchange coupling 
magnetic field occurs at the interface between the 
nonmagnetic metal layer 100 and the central potion 29b of the 
first magnetic layer 29, and thus the magnetization direction 
of the central portion 29b of the first magnetic layer 29 

20 cannot be pinned by the exchange coupling magnetic field. 
This point is as described above. As described above, the 
bias magnetic field through the exchange interaction in the 
magnetic layer and the coupling magnetic field due to the 
RKKY interaction are applied to the first magnetic layer 29. 

25 In Fig. 18, the magnetization of the central portion of 

the pinned magnetic layer 26 is stabilized in consideration 
of uniaxial anisotropy in the central portion of the pinned 
magnetic layer 26 other than the above -described operation. 
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In the embodiment shown in Fig. 18, the thickness of the 
second magnetic layer 27 is larger than that of the first 
magnetic layer 29. For example, the magnetization of the 
second magnetic layer 27 is oriented in the height direction 
5 (the Y direction) , and the magnetization of the first 

magnetic layer 2 9 is pinned in the direction antiparallel to 
the height direction. 

The thickness of the first magnetic layer 29 is 10 A to 
30 A, and the thickness of the second magnetic layer 27 is 15 
10 A to 35 A. With the first magnetic layer 29 having a larger 
thickness, the bias magnetic field for pinning the 
magnetization of the pinned magnetic layer 26 increases. 
However, with the first magnetic layer 29 having a larger 
thickness, a shunt loss is increased. Also, a distortion 
15 occurs in the crystal structure of the central portion 29b of 
the first magnetic layer 29 due to conformity with the 
nonmagnetic metal layer 100, thereby increasing the 
magnetostrictive constant X and uniaxial anisotropy due to 
the distortion. However, with the first magnetic layer 2 9 
20 having a larger thickness, a distortion occurring near the 
interface of the central portion 29b of the first magnetic 
layer 29 is small relative to the whole volume of the fist 
magnetic layer 29, thereby decreasing the magnetostrictive 
constant X and uniaxial anisotropy. 
25 In this embodiment, of the induced magnetic anisotropy 

and the magnetoelastic effect which determine the uniaxial 
anisotropy for pinning the magnetization of the central 
portion of the pinned magnetic layer 26, the magnetoelastic 
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effect is mainly utilized. 

The magnetoelastic effect is dominated by magnetoelastic 
energy. The magnetoelastic energy is defined by stress a 
applied to the pinned magnetic layer 26 and the 
5 magnetostrictive constant A, of the central portion of the 
pinned magnetic layer 26. 

Fig. 21 is a partial top plan view of the magnetic 
detecting element shown in Fig. 18 (as viewed from a 
direction opposite to the Z direction) . Fig. 21 shows only 

10 the electrode layers 33 and the first magnetic layer 29 among 
the layers constituting the magnetic detecting element T. 

As shown in Fig. 21, the periphery of the magnetic 
detecting element T is filled with an insulating material 
layer 110 shown by oblique lines. 

15 The end surface F of the magnetic detecting element T 

near the surface facing the recording medium is an open end 
which is exposed or covered with a protective thin layer 
having a thickness of 20 A to 50 A and made of diamond-like 
carbon (DLC) or the like. 

20 Therefore , in the magnetic detecting element T, tensile 

stress is applied in parallel with the height direction (the 
Y direction) from the gap layers 21 and 35 disposed at the 
bottom and top. Although the stress of each gap layer is 
originally isotropic in a two-dimensional manner , the 

25 symmetry is broken by the open end F, and thus uniaxial ly 

anisotropic tensile stress is applied in the height direction. 

Furthermore, as shown in Fig. 21, compressive stress 
occurs from the electrode layers 33 in directions parallel 



- 84 - 



and antiparallel to the track width direction (the X 
direction) , and the compressive stress is transmitted to the 
lower layer of the magnetic detecting element T. As a result, 
the tensile stress in the height direction and the 
5 compressive stress in the track width direction are applied 
to the pinned magnetic layer 26 having the end surface F open 
near the surface facing the recording medium. Since the 
first magnetic layer 29 is made of a magnetic material having 
a positive value of magnetostrictive constant, the easy 

10 magnetization axis of the first magnetic layer 29 becomes 

parallel to- the rearward direction (the height direction, the 
Y direction shown in the drawing) of the magnetic detecting 
element by the magnetoelastic effect. 

In the embodiment shown in Fig. 18, the magnetostrictive 

15 constant of the central portion of the pinned magnetic layer 
26 is increased to increase the magnetoelastic energy applied 
to the central portion, thereby increasing the uniaxial 
anisotropy of the central portion of the pinned magnetic 
layer 26. With the central portion of the pinned magnetic 

20 layer 26 having the increased uniaxial anisotropy, the 

magnetization of the central portion of the pinned magnetic 
layer 26 is strongly pinned in a predetermined direction 
without the exchange coupling magnetic field between the 
central portion and the first ant i ferromagnetic layer 30 

25 unlike in both side portions, thereby increasing the output 
of the magnetic detecting element and improving the stability 
and symmetry of the output. 

More specifically, the central portion 29b of the first 
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magnetic layer 29 constituting the pinned magnetic layer 26 
is joined with the nonmagnetic metal layer 100 to produce a 
distortion in the crystal structure of the central portion 
29b of the first magnetic layer 29, thereby increasing the 
5 magnetostrictive constant X of the central portion 29b of the 
first magnetic layer 29. 

As described above, the nonmagnetic metal layer 100 
assumes the fee structure in which an equivalent crystal 
plane represented by the {ill} plane is preferentially 

10 oriented in parallel with the interface. 

On the other hand, when the first magnetic layer 29 of 
the pinned magnetic layer 26 is made of Co or Co^By (y < 20, 
x+y = 100) , the first magnetic layer 29 assumes the face- 
centered cubic lattice (fee) structure. Also, in the first 

15 magnetic layer 29, an equivalent crystal plane represented by 
the {ill} plane is preferentially oriented in parallel with 
the interface. 

Therefore, the constituent atoms of the central portion 
29b of the first magnetic layer 29 easily overlap with the 
20 constituent atoms of the nonmagnetic metal layer 100, and 
thus the crystal in the nonmagnetic metal layer 100 
epitaxially is coherent with the crystal in the central 
portion of the pinned magnetic layer 26. 

However, a predetermined difference or more must be 
25 present between the distance between nearest neighbor atoms 
in the {ill} plane of the central portion 2 9b of the first 
magnetic layer 29 and the distance between nearest neighbor 
atoms in the {ill} plane of the nonmagnetic metal layer 100. 
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In order to produce a distortion in each crystal 
structure for increasing the magnetostriction of the central 
portion 29b of the first magnetic layer 29 while the 
constituent atoms of the nonmagnetic metal layer 100 overlap 
5 with the constituent atoms of the central portion 29b of the 
first magnetic layer 29 , the Pt content of the PtMn alloy 
used as the material for the nonmagnetic metal layer 100, or 
the X element content of the X-Mn alloy is preferably 
controlled. 

10 For example, when, the Pt content of the PtMn alloy, or 

the X element content of the X-Mn alloy is 51 atomic percent 
or more, the magnetostriction of the central portion 29b of 
the first magnetic layer 29 overlapping with the nonmagnetic 
metal layer 100 rapidly increases. When the Pt content of 

15 the PtMn alloy, or the X element content of the X-Mn alloy is 
55 atomic percent to 95 atomic percent, the magnetostriction 
of the central portion 29b of the first magnetic layer 29 is 
stabilized at a high value. 

Also, the difference between the distance between 

20 nearest neighbor atoms in the {ill} plane of the nonmagnetic 
metal layer 100 and the distance between nearest neighbor 
atoms in the {ill} plane of the central portion 29b of the 
first magnetic layer 29 is divided by the distance between 
nearest neighbor atoms in the {ill} plane of the central 

25 portion 29b of the first magnetic layer 29 to obtain a value 
(referred to as a "mismatch value" hereinafter) . The value 
is preferably 0.05 to 0.20. 

In the magnetic detecting element of this embodiment, as 
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schematically shown in Fig. 22, a distortion occurs in each 
crystal structure near the interface, while the constituent 
atoms of the nonmagnetic metal layer 100 overlap with the 
constituent atoms of the central portion 29b of the first 
5 magnetic layer 29. 

In Fig. 22, reference numeral Nl denotes the distance 
between nearest neighbor atoms in the {ill} plane of the 
central portion 29b of the first magnetic layer 29, and 
reference numeral N2 denotes the distance between nearest 

10 neighbor atoms in the {ill} plane of the nonmagnetic metal 
layer 100. Each of the distances Nl and N2 is measured at a 
position away from the interface between the nonmagnetic 
metal layer 100 and the central portion 29b of the first 
magnetic layer 29 because of the small effect of the 

15 distortion. 

In this way, when a distortion occurs in the crystal 
structure of the central portion 29b of the first magnetic 
layer 29, the magnet ostrictive constant X of the central 
portion of the first magnetic layer 29 can be increased to 

20 exhibit the large magnetoelastic effect. 

When the mismatch value between the nonmagnetic metal 
layer 100 and the central portion 29b of the first magnetic 
layer 29 is too small, no distortion occurs in the crystal 
structure near the interface when the atoms of the 

25 nonmagnetic metal layer 100 overlap with the atoms of the 

central portion 29b of the first magnetic layer 29, as shown 
in Fig. 23. Therefore, the magnetos trictive constant X of 
the central portion 29b of the first magnetic layer 29 cannot 



- 88 - 



be increased. 

When the mismatch value between the nonmagnetic metal 
layer 100 and the central portion 29b of the first magnetic 
layer 29 is too large, the atoms of the nonmagnetic metal 
5 layer 100 do not overlap with the atoms of the central 

portion 29b of the first magnetic layer 29 to create a non- 
epitaxial or incoherent state, as schematically shown in Fig. 
24. In the non-epitaxial or incoherent state between the 
atoms of the nonmagnetic metal layer 100 and the central 
10 portion 29b of the first magnetic layer 29, no distortion 

occurs in the crystal structure near the interface, and thus 
the magnetostrictive constant I of the central portion 2 9b of 
the first magnetic layer 29 cannot be increased. 

The central portion 29b of the first magnetic layer 29 
15 constituting the pinned magnetic layer 26 may assume a body- 
centered cubic lattice (bcc) structure in which an equivalent 
crystal plane represented by the {110} plane is 
preferentially oriented in parallel, with the interface. 

For example, when the first magnetic layer 29 of the 
20 pinned magnetic layer 26 is made of Co x Fe y (y £20, x+y = 100) , 
the first magnetic layer 29 assumes the body-centered cubic 
lattice (bcc) structure. 

As described above, the nonmagnetic metal layer 100 
assumes the fee structure in which an equivalent crystal 
25 plane represented by the {ill} plane is preferentially 
oriented in parallel with the interface. 

The atomic arrangement in the equivalent crystal plane 
represented by the {110} plane of a crystal having the bcc 
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structure is similar to the atomic arrangement in the 
equivalent crystal plane represented by the {ill} plane of a 
crystal having the fee structure, and thus the crystal having 
the bec structure and the crystal having the fee structure 
5 can be put into a coherent state , i.e., a heteroepitaxial 

state, in which the atoms of one of the crystals overlap with 
the atoms of the other crystal. 

Furthermore, a predetermined difference or more occurs 
between the distance between nearest neighbor atoms in the 

10 {110} plane of the central portion 29b of the first magnetic 
layer 29 and the distance between nearest neighbor atoms in 
the {ill} plane of the nonmagnetic metal layer 100. 
Therefore, a distortion occurs in each crystal structure near 
the interface between the central portion 29b of the first 

15 magnetic layer 29 and the nonmagnetic metal layer 100, while 
the constituent atoms of the central portion 29b of the first 
magnetic layer 29 overlap with the constituent atoms of the 
nonmagnetic metal layer 100. Thus, the magnetostrictive 
constant A, of the central portion 29b of the first magnetic 

20 layer 29 can be increased by producing a distortion in the 
crystal structure of the central portion 29b of the first 
magnetic layer 29. 

With a composition near y = 50, the Co x Pe y (y > 20, x+y 
= 100) assuming the bee structure has a larger 

25 magnetostrictive constant X than that of the Co x Fe y (y < 20, 
x+y = 100) assuming the fee structure, and thus the larger 
magnetoelastic effect can be expected. Also, the Co x Fe y (y ^ 
20, x+y = 100) assuming the bee structure has large coercive 
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force, and thus the magnetization of the central portion of 
the pinned magnetic layer 26 can be strongly pinned. 

In the present invention, the central portion 2 9b of the 
first magnetic layer 2 9 and the nonmagnetic metal layer 100 
5 may be put into a coherent state near the interface 

therebetween, in which the constituent atoms of the central 
portion 29b of the first magnetic layer 29 overlap with most 
of the constituent atoms of the nonmagnetic metal layer 100. 
For example, as schematically shown in Fig. 22, there may be 

10 a portion in which the constituent atoms of the central 
portion 29b of the first magnetic layer 29 do not overlap 
with the constituent atoms of the nonmagnetic metal layer 100. 

As the material for the second magnetic layer 27, either 
Co x Fe y (y £ 20, x+y - 100) assuming the bcc structure or 

15 Co x Fe y (y < 20, x+y = 100) assuming the fee structure may be 

u used. 

When Co x Fe y (y > 20, x+y = 100) assuming the bcc 
structure is used as the material for the second magnetic 
layer 27, positive magnetostriction can be increased. The 

20 Co x Fe y (y > 20, x+y = 100) assuming the bcc structure has 
high coercive force, and thus the magnetization of the 
central portion of the pinned magnetic layer 26 can be 
strongly pinned. Also, the RKKY interaction between the 
first and second magnetic layers 29 and 27 through the 

25 nonmagnetic intermediate layer 23b can be strengthened. 

On the other hand, the second magnetic layer 27 is in 
contact with the nonmagnetic material layer 25 and has a 
large effect on the magnetoresistive effect. Therefore, when 
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the second magnetic layer 27 is made of Co or Co x Fe y <y < 20, 
x+y - 100) assuming the fee structure, the magnetoresistive 
effect little deteriorates. 

In the embodiment shown in Fig. 18, when each of the 
5 electrode layers 33 is made of Cr (chromium) , a-Ta or Rh, 
and the lattice spacing of each electrode layer 33 in a 
direction parallel to the film plane is 0.2044 nm or more, 
0.2337 nm or more, and 0.2200 nm or more for the {110} plane 
of Cr (bee), the {110} plane of a-Ta (bec) , and the {ill} 

10 plane of Rh (fee), respectively, the compressive stress 
applied to the pinned magnetic layer 26 formed below the 
electrode layers 33 can be increased. In this case, the 
electrode layers 33 are stretched in the arrow directions 
shown in Fig. 21, i.e., in the outward direction of the 

15 electrodes 33, and the compressive stress is applied to the 
pinned magnetic layer 26 in parallel and antiparallel to the 
track width direction (the X direction shown in the drawing) . 

The lattice spacing of each electrode layer 33 in 
parallel with the film plane can. be measured by X-ray 

20 diffraction or electron beam diffraction. In a bulk state, 
the lattice spacings of Cr, a-Ta and Rh in a direction 
parallel to the film plane are 0.204 0 nm, 0.2332 nm, and 
0.2196 nm for the {110} plane of Cr (bec), the {110} plane of 
a-Ta (bee), and the {ill} plane of Rh (fee), respectively. 

25 With the lattice spacing of the above value or more, the 
electrode layers 33 apply compressive stress to the pinned 
magnetic layer 26. 

The electrode layers 33 made of Cr and the electrode 
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layers 33 made of a soft metal such as Au have the following 
difference in the compressive stress. 

For example, the compressive stress produced by a film 
comprising a bias underlying layer of Cr (50 A), a hard bias 
5 layer of CoPt (200 A) , an intermediate layer of Ta (50 A) , an 
electrode layer of Au (800 A) , and a protective layer of Ta 
(50 A) , which are laminated in turn from below, is 280 MPa, 

On the other hand, the compressive stress produced by a 
film comprising a bias underlying layer of Cr (50 A) , a hard 
10 bias layer of CoPt (200 A) , an intermediate layer of Ta (50 
A), an electrode layer of Cr (1400 A), and a protective layer 
of Ta (50 A) , which are laminated in turn from below, is 670 
MPa. 

In depositing the electrode layers 33 by sputtering, ion 
15 beam sputtering is performed by a sputtering apparatus in 
' which the pressure of Ar, Xe, Kr, or the like is decreased to 
5 x 10~ 3 Pa to 1 xr lO" 1 Pa. In the sputtering apparatus in 
which the pressure of Ar, Xe, Kr, or the like is decreased, 
the probability of collision of Cr atoms of the electrode 
20 layers 33 with Ar or Xe atoms is decreased to deposit the Cr 
atoms maintaining high energy. When Cr atoms having high 
energy and scattered from a target collide with a Cr film, 
which has been deposited, and are buried in the Cr film, the 
electrode layers 33 are stretched outward. 
25 When the permanent -magnet layers 41 overlap with both 

side portions of a portion of the pinned magnetic layer 26 in 
the track width direction, as shown in Fig. 5, the 
magnetization direction of the pinned magnetic layer 26 is 
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easily inclined by a longitudinal bias magnetic field 
produced by each permanent -magnet layer 41. Therefore, the 
magnetostriction of the free magnetic layer 24 is preferably 
made negative. As described above, the compressive stress is 
5 applied to both side portions of the magnetic detecting 
element, and thus the easy magnetization axis of the free 
magnetic layer 24 having negative magnetostriction easily 
becomes parallel or antiparallel to the track width direction 
by the magnetoelastic effect. 

10 The magnetizations of both side portions of the free 

magnetic layer 24 in the track width direction are easily 
instabilized by a demagnetizing field. However, both end 
portions of the free magnetic layer 24 in the track width 
direction are near the permanent -magnet layers 41, and thus 

15 great compressive stress is applied to both side portions. 

Therefore, in both sides portions of the free magnetic layer 
24 in the track width direction, anisotropy due to the 
magnetoelastic effect is increased to stabilize the 
magnetization directions. 

20 Even when the thickness of each permanent -magnet layer 

41 is decreased to decrease the longitudinal bias magnetic 
field, the free magnetic layer 24 can be stably put into the 
single domain state. When the thickness of each permanent- 
magnet layer 41 can be decreased to decrease the longitudinal 

25 bias magnetic field, the pinned magnetization state of the 
pinned magnetic layer 26 in the height direction can be 
stabilized. 

Since, in the central portion of the free magnetic layer 
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24, the compressive stress is lower than that applied to both 
side portions, thereby suppressing a decrease in magnetic 
field detection sensitivity* 

The magnetostrictive constant X of the free magnetic 
5 layer 24 is preferably in the range of -8 x 10~ 6 < X < 0.5 x 
10" 6 . The thickness of the permanent -magnet layers 41 is 
preferably in the range of 100 A < t < 200 A. With the free 
magnetic layer 24 having excessively negative 
magnetostriction X or the permanent -magnet layers 41 having 

10 an excessively large thickness, the reproduction sensitivity 
of the magnetic detecting element deteriorates. On the other 
hand, with the free magnetic layer 24 having excessively high 
magnetostriction A. or the permanent -magnet layers 41 having 
an excessively small thickness, the reproduction waveform of 

15 the magnetic detecting element is easily disturbed. 

-~ Fig. 19 shows a magnetic detecting element according to 

a modified embodiment of that shown in Fig. 10, Like in Fig. 
18, in Fig. 19, a nonmagnetic metal layer 100 having a small 
thickness and the same composition as that of a first 

20 ant i ferromagnetic layer 30 is formed in a space formed at the 
center of the first ant i ferromagnetic layer 30 in the track 
width direction. The preferred forms of the nonmagnetic 
metal layer 100 and a first magnetic layer 29 are described 
in detail above with reference to Fig. 18, and thus the 

25 description thereof is omitted. 

Fig. 20 shows a magnetic detecting element according to 
a modified embodiment of that shown in Fig. 19. In Fig. 20, 
a nonmagnetic metal layer 102 made of at least one selected 
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from Ru, Re, Os, Ti, Rh, Ir, Pd, Pt, and Al is interposed 
between a seed layer 22 and a nonmagnetic metal layer 100 
formed in the space at the center of a first 
ant i ferromagnetic layer 30. 

The distance between nearest neighbor atoms in the {ill} 
plane or C plane of the nonmagnetic metal layer 102 made of 
Ru or the like is smaller than the distance between nearest 
neighbor atoms in the {ill} plane of the nonmagnetic metal 
layer 100 made of a PtMn alloy or X-Mn (wherein X is at least 
one element of Pd, Ir, Rh, Ru, Os, Ni, and Fe) alloy. In 
this case, the distance between nearest neighbor atoms in 
parallel with the film plane can be stepwisely increased in 
the direction from the seed layer 22 to the nonmagnetic metal 
layer 100, thereby suppressing the phenomenon that an 
5 excessive distortion occurs in the central portion 29b of the 
first magnetic layer 29 to partially increase an incoherent 
region . 

Figs. 25 to 27 are partial sectional views respectively 
showing the pinned magnetic layers 26 according to other 
0 embodiments. Each of Figs. 25 to 27 is an enlarged view 
showing the pinned magnetic layer 26 near the center of the 
element shown in Fig. 19. 

As shown in Fig. 25, the first magnetic layer 29 
constituting the pinned magnetic layer 26 may comprise a fee 
5 magnetic layer 29bl provided near the nonmagnetic metal layer 
100, and a bec magnetic layer 29b2 provided near the 
nonmagnetic intermediate layer 28. 

The fee magnetic layer 29bl has a face-centered lattice 
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(fee) structure in which an equivalent crystal plane 
represented by the {ill} plane is preferentially oriented in 
parallel with the interface, and the bec magnetic layer 29b2 
has a body-centered lattice (bec) structure in which an 
5 equivalent crystal plane represented by the {110} plane is 
preferentially oriented in parallel with the interface, 

The fee magnetic layer 29bl is made of Co or Co x Fe y (y < 
20, x+y = 100) , and the bee magnetic layer 29b2 is made of 
Co x Fe y (y £ 20, x+y =100) • 

10 The first magnetic layer 29 has the bee structure near 

the interface with the nonmagnetic intermediate layer 28, and 
thus the magnetostrictive constant X of the central portion 
29b of the first magnetic layer 29 can be increased to 
exhibit the large magnetoelastic effect. Also, when the 

15 first magnetic layer 29 has a composition of Co x Pe y (y > 20, 
x+y = 100) near the nonmagnetic intermediate layer 28 , the 
RKKY interaction between the first magnetic layer 29 and the 
second magnetic layer 27 through the nonmagnetic intermediate 
layer 28 is strengthened. 

20 On the other hand, the first magnetic layer 29 has the 

fee structure near the interface with the nonmagnetic metal 
layer 100, and thus the central portions of the pinned 
magnetic layer 26, the nonmagnetic material layer 25 and the 
free magnetic layer 24 have constant crystal orientation, 

25 thereby increasing the crystal gain size and increasing the 
rate (MR ratio) of magnetoresistance change. 

As shown in Fig. 26, the second magnetic layer 27 
constituting the pinned magnetic layer 2 6 may comprise a fee 
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magnetic layer 27b2 provided near the nonmagnetic material 
layer 25, and a bcc magnetic layer 27bl provided near the 
nonmagnetic intermediate layer 28. 

The fee magnetic layer 27b2 has a face-centered cubic 
5 lattice (fee) structure in which an equivalent crystal plane 
represented by the {ill} plane is preferentially oriented in 
parallel with the interface, and the bcc magnetic layer 27bl 
has a body-centered cubic lattice (bcc) structure in which an 
equivalent crystal plane represented by the {110} plane is 
10 preferentially oriented in parallel with the interface, 

The fee magnetic layer 27b2 is made of Co or Co x Fe y (y <. 
20, x+y = 100), and the bcc magnetic layer 27bl is made of 
Co x Fe y (y > 20, x+y - 100). 

The second magnetic layer 27 has the bcc structure near 
15 the interface with the nonmagnetic intermediate layer 28, and 
thus the magnetos trictive constant X of the central portion 
27b of the second magnetic layer 27 can be increased to 
exhibit the large magnetoelastic effect. Also, when the 
second magnetic layer 27 has a composition of Co x Fe y (y >: 20, 
20 x+y = 100) near the nonmagnetic intermediate layer 28, the 
RKKY interaction between the first magnetic layer 29 and the 
second magnetic layer 27 through the nonmagnetic intermediate 
layer 28 is strengthened. 

On the other hand, when the central portion 29b of the 
25 first magnetic layer 29 has the fee structure near the 

interface with the nonmagnetic metal layer 100, deterioration 
in the magnetoresistive effect can be suppressed. 

As shown in Fig. 27, the first magnetic layer 29 
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constituting the pinned magnetic layer 26 may comprise a fee 
magnetic layer 29bl provided near the nonmagnetic metal layer 
100, and a bec magnetic layer 29b2 provided near the 
nonmagnetic intermediate layer 28, and the second magnetic 
5 layer 27 may comprise a fee magnetic layer 27b2 provided near 
the nonmagnetic material layer 25, and a bee magnetic layer 
27bl provided near the nonmagnetic intermediate layer 28. 

In Figs. 25 to 27, the first magnetic layer 29 has a 
laminated structure comprising the fee magnetic layer 29bl 

10 and the bee magnetic layer 29b2, or the second magnetic layer 
27 a laminated structure comprising the fee magnetic layer 
27b2 and bee magnetic layer 27bl. 

However, in the present invention, in the vicinity of 
the interface with the nonmagnetic metal layer 100, the first 

15 magnetic layer 29 of the pinned magnetic layer 26 may assume 
the face -centered cubic lattice (fee) structure in which an 
equivalent crystal plane represented by the {ill} plane is 
preferentially oriented in parallel with the interface, and 
in the vicinity of the interface with the nonmagnetic 

20 intermediate layer 28, the first magnetic layer 29 may assume 
the body- centered cubic lattice (bec) structure in which an 
equivalent crystal plane represented by the {110} plane is 
preferentially oriented in parallel with the interface. 

Therefore, the first magnetic layer 29 of the pinned 

25 magnetic layer 26 may have a composition comprising Co or 

Co x Fe y (y < 20, x+y = 100) and thus assumes the fee structure 
in which an equivalent crystal plane represented by the {ill} 
plane is preferentially oriented in parallel with the 
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interface- Also, the Fe concentration may be gradually 
increased in the direction from the interface with the 
nonmagnetic metal layer 100 to the interface with the 
nonmagnetic intermediate layer 28 so that the first magnetic 
5 layer 29 has a composition comprising Co x Fe y (y => 20, x+y = 
100) near the nonmagnetic intermediate layer 28 and thus 
assumes the body-centered cubic lattice (bcc) structure in 
which an equivalent crystal plane represented by the {110} 
plane is preferentially oriented in parallel with the 

10 interface. 

Similarly, the second magnetic layer 27 may be made of 
the CoFe alloy in which the Fe concentration gradually 
increases from the interface with the nonmagnetic material 
layer 25 to the interface with the nonmagnetic intermediate 

15 layer 28. 

Figs. 28 to 32 are drawings respectively showing steps 
of the method for manufacturing the magnetic detecting 
element shown in Fig. 1. Each of Figs. 28 to 32 is a partial 
sectional view of the magnetic detecting element in each step, 
20 as viewed from the surface facing the recording medium. 

In the step shown in Fig. 28, first, the lower shield 
layer 20, the lower gap layer 21, the seed layer 22, the 
second antiferromagnetic layer 23, the free magnetic layer 24, 
the nonmagnetic material layer 25, and the pinned magnetic 
25 layer 26 having the synthetic f errimagnetic structure 

comprising the first magnetic layer 29, the second magnetic 
layer 27 and the nonmagnetic intermediate layer 28 interposed 
between both magnetic layers 29 and 27 are formed in the 
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shape shown in Fig. 28. Then, a nonmagnetic metal thin layer 
30e having the same composition as the first 

ant i ferromagnetic layer 30 is deposited on the first magnetic 
layer 29, and a nonmagnetic layer 80 made of Ru, Cr, or the 
like is deposited on the nonmagnetic metal layer 30e. The 
nonmagnetic layer 80 serves as a protective layer for 
preventing oxidation of the nonmagnetic metal layer 30e. 

The thickness of the nonmagnetic metal layer 30e is 
smaller than 50 A. With such a thin nonmagnetic metal layer 
30e, even in magnetic field annealing in the next step, the 
nonmagnetic metal layer 30e cannot be transformed from a 
disordered lattice to an ordered lattice due to a binding 
force of bonding with the first magnetic layer 29 provided 
below the nonmagnetic metal layer 30e. Therefore, the 
nonmagnetic metal layer 30e does not have antif erromagnetism, 
and no exchange coupling magnetic field is produced between 
the first magnetic layer 29 and the nonmagnetic metal layer 
30e. Namely, the nonmagnetic metal layer 30e remains in the 
disordered crystal structure. 

After the laminated film having the shape shown in Fig. 
28 is deposited, first magnetic field annealing is performed. 
The laminated film is heat-treated at a first heat treatment 
temperature with a first magnetic field (the X direction) 
applied in parallel with the track width Tw direction (the X 
direction shown in the drawing) to produce exchange coupling 
magnetic fields between the second antif erromagnetic layer 23 
and both side portions 24a of the free magnetic layer 24, so 
that magnetizations of both side portions 24a of the free 



- 101 - 



magnetic layer are pinned in the X direction. 

A material layer having the same composition as that of 
the second ant i ferromagnetic layer 23 is formed to a small 
thickness, for example, a thickness smaller than 50 A, below 
5 the central portion 24b of the free magnetic layer 24. 

However, the exchange coupling magnetic field is not produced 
between the central portion 24b of the free magnetic layer 24 
and the second ant i ferromagnetic layer 23 because of the 
small thickness, and thus the central portion 24b of the free 

10 magnetic layer 24 is put into a single domain state to an 

extent which permits magnetization reversal with an external 
magnetic field. 

As described above, the exchange coupling magnetic field 
is not produced between the first magnetic layer 29 and the 

15 nonmagnetic metal layer 30e having the same composition as 
that of the ant i ferromagnetic layer even by the first 
magnetic field annealing. 

In the next step shown in Fig. 29, the nonmagnetic layer 
80 is removed by low-energy ion beam etching. The term "low- 

20 energy ion beam etching" is defined as "ion milling" using an 
ion beam with a beam voltage (acceleration voltage) of less 
than 1000 V. For example, a beam voltage of 100 V to 500 V 
is used. In this embodiment, an argon (Ar) ion beam with a 
low beam voltage of 200 V is used. The definition of "low- 

25 energy ion beam etching" applies to the description below. 
In the next step shown in Fig. 30, an upper 
antiferromagnetic layer 30f thicker than the nonmagnetic 
metal layer 30e and having the same composition as that of 
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the antif erromagnetic layer is deposited on the nonmagnetic 
metal layer 30e exposed by removing the nonmagnetic layer 80 
and having the same composition as that of the 
ant i ferromagnetic layer. The first ant if erromagnetic layer 

5 30 comprises the nonmagnetic metal layer 30e and the upper 
ant i ferromagnetic layer 30f which are integrally formed. In 
depositing the upper antif erromagnetic layer 30f , the 
thickness of the upper antif erromagnetic layer 3 Of is 
controlled so that the total thickness of the first 

10 ant if erromagnetic layer 30 is in the range of 80 A to 300 A. 
The nonmagnetic layer 80 may partially remains at the 
interface 30g between the nonmagnetic metal layer 30e and the 
upper ant i ferromagnetic layer 30f as long as the nonmagnetic 
metal layer 30e and the upper antif erromagnetic layer 30f are 

15 antif erromagnetically coupled with each other to function as 
one antif erromagnetic layer. 

As shown in Fig. 30, a stopper layer 31 made of Cr or 
the like is formed on the upper antif erromagnetic layer 3 Of, 
and a protective layer 32 made of Ta or the like is formed on 

20 the stopper layer 31. Furthermore, the electrode layer 33 
made of Au or the like is formed on the protective layer 32, 
and the protective layer 34 made of Ta or the like is formed 
on the electrode layer 33 . 

In the next step shown in Fig. 31, a mask layer 81 is 

25 provided on both side portions of the protective layer 34 in 
the track width direction (the X direction shown in the 
drawing) . The mask layer 81 may be either a metal layer or a 
resist layer. 
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As shown in Pig. 31, the portions of the protective 
layer 34, the electrode layer 33 and the protective layer 32, 
which are exposed from a predetermined space 81a formed in 
the mask layer 81 in the track width direction, are removed 
5 by reactive ion etching (RIE) . As the etching gas, CF 4 , C 3 F 8 , 
a mixed gas of Ar and CF 4 , or a mixed gas of C 3 F 8 and Ar is 
used. As a result, the electrode layers 33 are left only on 
both side portions of the magnetic detecting element in the 
track width direction to form the space C between the 

10 electrode layers 33. The RIE step is terminated when the 
stopper layer 31 is exposed from the space C. 

In the step shown in Fig. 32, the portions of the 
stopper layer 31 and the first ant i ferromagnetic layer 30, 
which are exposed in the space C, are removed by ion milling. 

15 The amount of removal by ion milling canjbe controlled by a 
SIMS analyzer. The ion milling is stopped at the moment the 
first magnetic layer 29 is exposed from the space C. The 
mask layer 81 is also removed in the ion milling step. 

After the step shown I Fig. 32 is performed, the upper 

20 gap layer 35 and the upper shield layer 36 shown in Fig. 1 
are deposited, and then second magnetic field annealing is 
performed. In the second magnetic field annealing, the 
direction of the magnetic field is perpendicular (the Y 
direction shown in the drawing) to the track width direction. 

25 In the second magnetic field annealing, the second applied 
magnetic field is lower than the exchange anisotropic 
magnetic field of the second ant i ferromagnetic layer 23, 
lower than the spin flop magnetic field of the first and 
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second magnetic layers 29 and 27, and higher than the 
coercive force and anisotropic magnetic fields of the first 
and second magnetic layers 29 and 27. When the magnetic 
moment per unit area of the second magnetic layer 27 is' 
5 higher than the magnetic moment per unit area of the first 
magnetic layer 29, the spin flop magnetic field can be 
increased to widen a margin for the applied magnetic field, 
thereby desirably facilitating the manufacturing process. 
The heat treatment temperature is lower than the 

10 blocking temperature of the second ant i ferromagnetic layer 23 . 
In this case, even when both the second ant i ferromagnetic 
layer 23 and the first ant i ferromagnetic layer 30 are made of 
the PtMn alloy or PtMnX alloy, the exchange anisotropic 
magnetic field of the first antiferromagnetic layer 30 can be 

15 oriented in the height direction (the Y direction) , while the 
exchange anisotropic magnetic field of the second 
antiferromagnetic layer 23 is oriented in the track width 
direction (the X direction) . The first antiferromagnetic 
layer 30 may be made of an IrMn alloy or the like having a 

20 lower blocking temperature than that of the second 
antiferromagnetic layer 23 . 

In the second magnetic field annealing, the first 
antiferromagnetic layer 30 is properly transformed to the 
ordered lattice to produce exchange coupling magnetic fields 

25 of an appropriate magnitude between the first 

antiferromagnetic layer 30 and both side portions 29a of the 
first magnetic layer 29. Therefore, magnetizations of both 
side portions 29a of the first magnetic layer 29 are pinned 
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in a direction (the Y direction) perpendicular to the track 
width direction. 

Also, an antiparallel coupling magnetic field occurs 
between the first magnetic layer 29 and the second magnetic 
5 layer 27 due to the RKKY interaction, and thus the 

magnetization of the second magnetic layer 27 is pinned in 
antiparallel to the first magnetic layer 29. Furthermore, 
the magnetizations of the central portions 29b and 27b of the 
first and second magnetic layers 29 and 27 are pinned while 

10 maintaining the antiparallel state by the antiparallel 

coupling magnetic field due to the RKKY interaction and the 
bias magnetic field through the exchange interaction in each 
magnetic layer. The magnetic detecting element shown in Fig. 
1 is completed by the above -described steps. 

15 Figs. 33 to 35 are drawings showing respective steps of 

the method for manufacturing the magnetic detecting element 
shown in Fig. 4. Each of these drawings is a partial 
sectional view of the magnetic detecting element in each step, 
as viewed from the surface facing the recording medium. 

20 In the step shown in Fig. 33 , the lower gap layer 21, 

the seed layer 22, the free magnetic layer 24, the 
nonmagnetic material layer 25, the lower layer 27c of the 
second magnetic layer 27 constituting the pinned magnetic 
layer 26, and a protective layer 82 are continuously 

25 deposited on the lower shield layer 20. 

The protective layer 82 is preferably made of a 
nonmagnetic material such as Cu or the like, and formed to a 
thickness of about 3 A to 10 A. Particularly, when Cu is 
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used for the protective layer 82, the upper layer 27d and the 
lower layer 27c can be caused to function as the second 
magnetic layer 27 as a unit even when the protective layer 82 
slightly remains between the upper layer 27d and the lower 
5 layer 27c in the subsequent step of forming the upper layer 
27d of the second magnetic layer 27 on the lower layer 27c. 

The protective layer 82 is a layer for protecting the 
lower layer 27c formed below the protective layer 82 from 
oxidation. 

10 As shown in Fig. 33, a lift off resist layer 83 is 

formed on the protective layer 82 , and in the layers ranging 
from the seed layer 22 to the protective layer 82, the both 
side portions in the track width direction, which are not 
covered with the resist layer 83, are removed by ion milling, 
15 Then, as shown in Fig. 33, the bias underlying layers 40 made 
* of Cr, the permanent -magnet layers 41 made of CoPtCr, the 
protective^ layers 42 made of Ta, the seed layers 22 made of 
NiFeCr, and protective layers 84 made of Cr are laminated in 
that order on both side portions. Each of the protective 
20 layers 84 is formed to a thickness of about 3 A to 10 A. In 
this sputtering deposition, a bias underlying material layer 
40a, a permanent -magnet material layer 41a, a protective 
material layer 42a, a seed material layer 22a and a 
nonmagnetic material layer 84a are also deposited on the top 
25 of the resist layer 83. 

In the next step shown in Fig. 34, the resist layer 83 
is removed, and then the protective layer 82 formed on the 
lower layer 27c of the second magnetic layer 27 and the 
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protective layers 84 formed on the seed layers 22 are removed 
by low-energy ion beam etching. As a result, the lower layer 
27c and the seed layers 22 are exposed. 

In the next step shown in Fig. 35, the upper layer 27d 
5 of the second magnetic layer 27 is deposited on the lower 
layer 27c and on the seed layers 22 to form the second 
magnetic layer 27 comprising the lower layer 27c and the 
upper layer 27d which are integrally formed. Furthermore, 
the nonmagnetic intermediate layer 28, the first magnetic 

10 layer 29, the first ant i ferromagnetic layer 30, the stopper 
layer 31, the protective layer 32, the electrode layer 33 and 
the protective layer 34 are deposited on the second magnetic 
layer 27. Next, the same steps as those shown in Figs. 31 
and 32 are performed to complete the magnetic detecting 

15 element shown in Fig. 4. Unlike in Fig. 1, in the magnetic 
detecting element shown in Fig. 4, only one ant i ferromagnetic 
layer is provided, and thus the applied magnetic field and 
annealing temperature of magnetic field annealing performed 
for the first anti ferromagnetic layer 30 are not so strictly 

20 limited as in the second magnetic field annealing in the step 
shown in Fig. 32. Therefore, the manufacturing process is 
optimized and facilitated regardless of the order of the 
magnetic moment per unit area of the second magnetic layer 27 
and the magnetic moment per unit area of the first magnetic 

25 layer 29. Also, the permanent -magnetic layers 41 may be 

magnetized after slider processing or the assembly of a head 
(HGA) . 

Although the magnetic detecting element shown in Fig. 4 
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can be manufactured by the above -described steps, each of the 
magnetic detecting elements shown in Figs. 3 and 5 to 8 can 
also be manufactured by the steps shown in Figs. 33 to 35. 
Figs. 36 to 39 are drawings respectively showing steps 
5 of the method for manufacturing the magnetic detecting 
* element shown in Fig. 10. Each of the figures is a partial 
sectional view of the magnetic detecting element in each step, 
as viewed from the surface facing the recording medium. 

In the step shown in Fig. 36, the lower gap layer 21, 
10 the seed layer 22 and a nonmagnetic layer 85 made of Cr, Ru, 
or the like are deposited on the lower shield layer 20, and 
then a lift off resist layer 87 is formed on the nonmagnetic 
layer 85. 

Next, the portions of the nonmagnetic layer 85, the seed 
15 layer 22, the lower gap layer 21 and the lower shield layer 
" v 20, which are not covered with the resist layer 87, are 

removed by ion milling to form the recesses 2 0b in both side 
portions of the lower shield layer 2 0 in the track width 
direction (the X direction shown in the drawing) . In each of 
20 the recesses 20b, the lower gap layer 21, the seed layer 22, 
the first antif erromagnetic layer 30 and a nonmagnetic layer 
86 made of Ru are deposited in that order from the bottom. 
In this step, a gap material layer 21a, a seed material layer 
22a, an antif erromagnetic material layer 30h, and a 
25 nonmagnetic material layer 86a are also deposited on the top 
of the resist layer 87. 

In the next step show in Fig. 37, the resist layer 87 is 
removed, and then the nonmagnetic layers 85 and 86 are 
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removed by ion beam etching- As a result, the surface of the 
seed layer 22 is exposed from the central portion of the 
lower shield layer 20, and the surface of the first 
ant i ferromagnetic layer 30 is exposed from both side portions 
5 of the lower shield layer 20. 

In the next step shown in Fig. 38, a nonmagnetic metal 
layer 3 Of having the same composition as that of an 
ant i ferromagnetic layer and a small thickness, for example, a 
thickness smaller than 50 A is deposited on the first 

10 antiferromagnetic layer 30 and the seed layer 22 exposed in 
the previous step. Then, the first magnetic layer 29, the 
nonmagnetic intermediate layer 28, the second magnetic layer 
27, the nonmagnetic material layer 25, the free magnetic 
layer 24 and the protective layer 46 are deposited on the 

15 nonmagnetic metal layer 3 Of. 

When the nonmagnetic metal layer 30f having a thickness 
smaller than 50 A and the same composition as that of the 
antiferromagnetic layer is deposited on the first 
antiferromagnetic layer 30 and on the seed layer 22, and the 

20 first magnetic layer 29 is continuously deposited on the 
nonmagnetic metal layer 30f, at least a portion of the 
material layer 3 Of integrated with the first 
antiferromagnetic thick layer 30 provided in both side 
portions of the element is transformed from the disordered 

25 lattice to the ordered lattice by magnetic field annealing to 
produce exchange coupling magnetic fields between the 
magnetic layer 30f and both side portions of the first 
magnetic layer 29. In the central portion of the element, 
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the nonmagnetic metal layer 30f cannot be transformed from 
the disordered lattice to the ordered lattice because the 
nonmagnetic metal layer 3 Of is very thin, and thus no 
exchange coupling field is produced between the nonmagnetic 
5 metal layer 30f and the central portion of the first magnetic 
layer 29. 

In the step shown in Fig. 39, a lift off resist layer 88 
is formed on the protective layer 46, and the portions of the 
protective layer 46, the free magnetic layer 24 and the 

10 nonmagnetic material layer 25, which are not covered with the 
resist layer 88, are removed by ion milling. In this ion 
milling, both side portions 25d of the nonmagnetic material 
layer 25 are partially left for protecting the pinned 
magnetic layer 26 from the ion milling. 

15 Next, the bias underlying layer 40 made of Cr or the 

like is formed on the nonmagnetic material layer 25, and the 
permanent -magnet layer 41 is formed on the bias underlying 
layer 40. Furthermore, the anti -diffusion layer 45 is formed 
on the permanent -magnet layer 41, and the electrode layer 33 

20 is formed on the anti-dif fusion layer 45. In this step, an 
underlying layer made of Ta or the like is preferably formed 
between the nonmagnetic material layer 25 and the bias 
underlying layer 40, for optimizing the crystal orientation 
of the bias underlying layer 40 and improving the 

25 characteristics (coercive force He and remanence ratio) of 
the permanent -magnet layer 41. 

In the above-described deposition, a bias underlying 
material layer 40a, a permanent -magnet material layer 41a, an 
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anti-diffusion material layer 45a and an electrode material 
layer 33a are also deposited on the top of the resist layer 
88. Then, the resist layer 88 is removed, and the permanent- 
magnet layer 41 is magnetized in the track width direction 
5 (the X direction) . The magnetic detecting element shown in 
Fig. 10 can be manufactured by the above -de scribed steps. 

Unlike in Fig. 10, in the above-described manufacturing 
method, the nonmagnetic metal layer 3 Of (the same as the 
nonmagnetic metal layer 100 shown in Fig. 19) partially 

10 remains on the projection 20a of the lower shield layer 20. 
However, the nonmagnetic metal layer 30 f can be completely 
removed by the manufacturing method described below. 

Figs. 40 to 43 are drawings respectively showing steps 
of the method for manufacturing the magnetic detecting 

15 element shown in Fig. 11. Each of the figures is a partial 

sectional view of the magnetic detecting element in each step, 
as viewed from the surface facing the recording medium. 

In the step shown in Fig. 40, the same steps as those 
shown in Figs. 36 and 37 are performed to deposit the layers 

20 up to the first ant i ferromagnetic layer 30, the nonmagnetic 
metal layer 30f having the same composition and a thickness 
smaller than 50 A, the pinned magnetic layer 26 having the 
synthetic f errimagnetic structure, the nonmagnetic material 
layer 25 , the free magnetic layer 24, the nonmagnetic 

25 intermediate layer 52, the ferromagnetic layer 48, a 

nonmagnetic metal layer 23c (thinner than 50 A) having the 
same composition as that of an antif erromagnetic layer, and a 
nonmagnetic layer 92 are continuously deposited on the first 
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ant i ferromagnetic layer 30. Then, magnetic field annealing 
is performed to produce exchange coupling magnetic fields 
between the first antif erromagnetic layer 30 and both side 
portions 29a of the first magnetic layer 29. Then, the 
5 nonmagnetic layer 92 is removed by low-energy ion milling, 
and the upper layer of the second antif erromagnetic layer 23 
is laminated on the lower layer 23c of the second 
antiferromagnetic layer 23 to form the. second 

ant if erromagnetic layer 23 comprising the lower layer 23c and 

10 the upper layer integrated with each other. Then, the 

stopper layer 53 and the protective layer 49 are deposited on 
the second antiferromagnetic layer 23. 

In the step shown in Fig. 41, a mask layer 93 having a 
predetermined space 93a in the track width direction is 

15 formed on the protective layer 49, and the protective layer 
49 exposed in the space 93a of the mask layer 93 is removed 
by RIE to expose the stopper layer 53. Then, the topper 
layer 53 and the second antiferromagnetic layer 23 are 
removed by ion milling. In this ion milling, the mask layer 

20 93 is also removed. 

In this step, a nonmagnetic metal layer 23d having the 
same composition as that of the second antiferromagnetic 
layer 23 may be slightly left in the space 93a as long as the 
thickness is less than 50 A. 

25 In the next step shown in Fig. 42, the stopper layer 50 

made of Cr or the like is formed on the region ranging from 
the protective layer 49 and the central portion 23d of the 
second antiferromagnetic layer 23, and the protective layer 
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51 made of Ta or the like is formed on the stopper layer 50 . 
Furthermore, the electrode layer 33 made of Au or the like is 
formed on the protective layer 51, and the protective layer 
34 made of Ta or the like is formed on the electrode layer 33. 
5 In the next step shown in Fig. 43, a mask layer 111 

having a space C formed in the track width direction (the X 
direction) is formed on the protective layer 34. The mask 
layer 111 is aligned so that the center of the space C of the 
mask layer 111 in the track width direction coincides with 

10 the center of the element in the track width direction. In 
this step, the mask layer 111 is made of a material which is 
not or little removed by reactive ion etching (RIE) . The 
mask layer 111 comprises a metal layer formed by lift off 
using a resist, for example, the mask layer 111 comprises a 

15 Cr layer. With the mask layer 111 comprising a metal layer, 
the mask layer 111 is preferably formed to a thickness of 
about 100 A to 500 A. 

The space C formed in the mask layer 111 in the track 
width direction (the X direction) is preferably narrower than 

20 the space between the bottoms of the inner end surfaces 23b 
of the second ant i ferromagnetic layer 23 in the track width 
direction. 

After the mask layer 111 is formed, the portions of the 
protective layer 34 and the electrode layer 33, which are not 
25 covered with the mask layer 111, are removed by etching. As 
the etching, reactive ion etching (RIE) is preferably 
performed. As the etching gas, CF 4 , C 3 F 8 , a mixed gas of Ar 
and CF 4 , or a mixed gas of C 3 F 8 and Ar is used. 
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The etching is stopped when the protective layer 34, the 
electrode layer 33 and the protective layer 51 are partially 
removed to expose the surface of the stopper layer 50, and 
then the stopper layer 50 exposed in the space of the mask 
5 111 is further removed by ion milling. Furthermore, the 
second ant i ferromagnetic layer left below the stopper layer 
50 is removed. In the step shown in Fig. 43, the ion milling 
is stopped when the exposed ferromagnetic layer 48 is 
completely removed. The amount of removal by ion milling can 

10 be controlled by a SIMS analyzer. Particularly, low-energy 
ion milling can be performed because each layer to be removed 
is thin. Therefore, milling controllability can be improved, 
and the milling can be precisely stopped at the moment the 
ferromagnetic layer 48 is completely removed. 

15 Unlike in Fig. 11 , in the above -described manufacturing 

method, the nonmagnetic metal layer 30f having the same 
composition as that of the ant i ferromagnetic layer partially 
remains on the projection 20a of the lower shield layer 20. 
However, the nonmagnetic metal layer 30f can be completely 

20 removed by the manufacturing method described below. 

Figs. 44 and 45 are drawings respectively showing steps 
different from the steps shown in Figs. 36 and 37 for forming 
the first antif erromagnetic layer 3 0 and the pinned magnetic 
layer 26. Each of the figures is a partial sectional view of 

25 the magnetic detecting element in each step, as viewed from 
the surface facing the recording medium. 

In the step shown in Fig. 44, the lower shield layer 20, 
the lower gap layer 21, the seed layer 22 and the nonmagnetic 
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layer 85 are formed, and the lift off resist layer 89 shown 
in Fig- 44 is formed on the nonmagnetic material layer 85. 
Then, the portions of the nonmagnetic layer 85, the seed 
layer 22, the lower gap layer 21 and the lower shield layer 
5 20, which are not covered with the resist layer 89, are 

removed by etching. Then, the lower gap layer 21, the seed 
layer 22, the first ant i ferromagnetic layer 30, the first 
magnetic layer 29 and the nonmagnetic layer 90 are deposited 
on the both side portions of the lower shield layer 2 0 in the 

10 track width direction (the X direction) , which are not 

covered with the resist layer 89. The nonmagnetic layer 90 
is made of Ru or the like. After the resist layer 89 is 
removed, the nonmagnetic layer 85 and the nonmagnetic layer 
90 are partially removed. 

15 As shown in Fig. 45, the nonmagnetic layer 90 is 

partially left on the first magnetic layer 29. Then, the 
magnetic intermediate layer 102, the nonmagnetic intermediate 
layer 28, and the second layer 27 are formed on the seed 
layer 22 at the center of the element and on the nonmagnetic 

20 layer 90 to form the pinned magnetic layer 26 comprising the 
five layers including the first magnetic- layer 29, the 
magnetic intermediate layer 102, the second magnetic layer 27, 
and the nonmagnetic intermediate layers 28 and 90. The 
subsequent step is the same as that shown in Fig. 38 in which 

25 the nonmagnetic material layer 25, the free magnetic layer 24, 
etc. are continuously deposited on the pinned magnetic layer 
26. 

Figs. 46 and 47 are drawings respectively showing steps 
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different from the steps shown in Figs. 44 and 45 for forming 
the first antif erromagnetic layer 30 and the pinned magnetic 
layer 26. Each of the figures is a partial sectional view of 
the magnetic detecting element in each step, as viewed from 
5 the surface facing the recording medium. 

In the step shown in Fig. 46, the lower shield layer 20, 
the lower gap layer 21, the seed layer 22, the lower layer 
29c of the first magnetic layer 29 constituting the pinned 
magnetic layer 26, and the nonmagnetic layer 85 are formed, 

10 and the lift off resist layer 89 shown in Fig. 46 is formed 
on the nonmagnetic material layer 85. Then, the portions of 
the nonmagnetic layer 85, the lower layer 29c of the first 
magnetic layer 29, the seed layer 22, the lower gap layer 21 
and the lower shield layer 20, which are not covered with the 

15 resist layer 89, are removed. Then, the lower gap layer 21, 
the seed layer 22, the first antif erromagnetic layer 30, the 
lower layer 29c of the first magnetic layer 29 and the 
nonmagnetic layer 91 are deposited on the remaining portions 
of the lower shield layer 20. 

20 Next, the resist layer 89 is removed, and then the 

nonmagnetic layers 85 and 91 are removed by ion milling. As 
shown in Fig. 47, the upper layer 29d of the first magnetic 
layer 29 is then deposited on the lower layer 29c of the 
first magnetic layer 29, which is exposed by removing the 

25 nonmagnetic layers 85 and 91, and the nonmagnetic 

intermediate layer 28 and the second magnetic layer 27 are 
further deposited on the upper layer 29d. 

In Fig. 47, the boundary between the lower layer 29c and 
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the upper layer 29d is shown by a dotted line. Although the 
nonmagnetic layers 85 and 91 may be left at the boundary, the 
lower layer 29c and the upper layer 29d are f erromagnetically 
coupled with each other to form the first magnetic layer 29. 
5 Thus, the pinned magnetic layer 26 comprises the three layers 
including the first magnetic layer 29, the nonmagnetic 
intermediate layer 28 and the second magnetic layer 27. The 
subsequent step is the same as that shown in Fig. 38 in which 
the nonmagnetic material layer 25, the free magnetic layer 24, 
10 etc. are continuously deposited on the pinned magnetic layer 
26. 

The steps shown in Figs. 44 to 47 can be performed for 
manufacturing a magnetic detecting element in which the 
nonmagnetic metal layer having the same composition as that 

15 of the first antif erromagnetic layer 30 is not left on the 
protection 20a of the lower shield layer 20. 

Figs. 48 and 49 are drawings showing steps of the method 
for manufacturing the magnetic detecting element shown in Fig. 
12. Each of the figures is a partial sectional of the 

20 magnetic detecting element in each step, as viewed from the 
surface facing the recording medium. 

In the step shown in Fig. 48, the lower shield layer 20, 
the lower gap layer 21, the seed layer 22, the first 
ant i ferromagnetic layer 30, and the nonmagnetic layer 101 

25 made of Ru or the like are deposited, and then a mask layer 
94 comprising resist or the like having a space C in the 
track width direction is formed on the nonmagnetic layer 101. 
Then, the portions of the nonmagnetic layer 101 and the first 
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antiferromagnetic layer 30, which are not covered with the 
mask layer 94 , are removed by ion milling or RIE. As a 
result, the space C is also formed in the first 
antiferromagnetic layer 30 in the track width direction (the 
5 X direction shown in the drawing) . 

As shown in Fig. 48, then the nonmagnetic layer 95 made 
of Ru or the like is formed on the mask layer 94 and within 
the space C, and then the mask layer 94 is separated. 
Furthermore, the nonmagnetic layers 95 and 101 are removed by 
10 low-energy ion beam etching. 

In the next step shown in Fig. 49, the nonmagnetic metal 
layer 3 Oe having the same composition as the 

antiferromagnetic layer and a thickness, for example, smaller 
than 50 A, is deposited on the fist antiferromagnetic layer 

15 30 and within the space C. The same step as that shown in 
Fig. 40 is then performed to continuously deposit the pinned 
magnetic layer 26 having the synthetic f errimagnetic 
structure, the nonmagnetic material layer 25, the free 
magnetic layer 24, etc. on the antiferromagnetic layer 30. 

20 Each of the magnetic detecting elements shown in Figs. 

15 to 17, respectively, can be manufactured by a combination 
of some of the steps shown in Figs. 28 to 49. 

Each of the magnetic detecting elements shown in Figs. 
18 to 20, respectively, can be also manufactured by a 

25 combination of some of the steps shown in Figs. 28 to 49. 
However, the preferred forms of the first antiferromagnetic 
layer 3 0 and the first magnetic layer 29 of the pinned 
magnetic layer 26 are described above with reference to Figs. 
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18 to 20. 

Although each of Figs. 1 to 49 shows only a reproducing 
MR head section of the magnetic detecting element, the 
present invention can also be applied to a thin film magnetic 
5 head comprising a writing inductive head section laminated on 
the upper shield layer. 

The magnetic detecting element of the present invention 
can be used for a magnetic sensor as well as a magnetic head 
incorporated into a hard disk device. 

10 

Examples 

The magnetic detecting elements having the structures 
shown in Figs. 50 (Example) and 53 (Comparative Example) , 
respectively, were used for determining unidirectional 

15 exchange bias magnetic field Hex* and reproduction output 
(normalized output) . 

Fig. 50 (Example) is a schematic drawing, showing a 
partial section of the magnetic detecting element, as viewed 
from a surface facing a recording medium. In Fig. 50, a film 

20 structure comprises a seed layer : (Ni 0-B Fe 0>2 ) 60at% Cr 40at% ( 60 

A) /a free magnetic layer: Ni 80at% Fe 20at% (35 A) /Co 90at% Fe 10at% (10 
A) /a nonmagnetic material layer: Cu (21 A)/ a pinned magnetic 
layer: [second magnetic layer: Co 90at% Fe 10at% (X A) /nonmagnetic 
intermediate layer: Ru (9 A) /first magnetic layer: 

25 Co 90at% Fe 10at% (Y A) ] /a first antif erromagnetic layer: 
pt 50at% Mn soat% (200 A) . In this structure, a value in 
parentheses shows the thickness of each layer. As shown in 
Fig. 50, magnetization of the free magnetic layer is oriented 
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in the track width direction. However, a permanent -magnet 
layer and second ant i ferromagnetic layer for controlling the 
magnetization of the free magnetic layer are not provided. 
As shown in Fig. 50, magnetizations of the first and second 
5 magnetic layers are antiparallel to each other in parallel 
with the height direction (the Y direction shown in the 
drawing) . 

Also, as shown in Fig. 50, a space is formed at the 
center of the first antif erromagnetic layer so that the first 

10 magnetic layer constituting the pinned magnetic layer is 

exposed from the space. The width dimension of the space in 
the track width direction corresponds to a track width RTw 
which is a physical track width (Physical Read Track Width) . 
As described above, the thickness of the second magnetic 

15 layer is X A, and the thickness of the first magnetic layer 
is Y A. The thickness of each of the magnetic layers was 
changed to determine the relation between the track width RTw 
and unidirectional exchange bias magnetic field, and the 
relation between the track width RTw and normalized output. 

20 The unidirectional exchange bias magnetic field Hex* is 

defined as the magnitude of an external magnetic field with a 
half of the maximum rate (AR/R) of resistance change. The 
unidirectional exchange bias magnetic field includes an 
exchange coupling magnetic field produced between the pinned 

25 magnetic layer and an antif erromagnetic layer, and a coupling 
magnetic field due to a RKKY interaction between the CoFe 
layers constituting the pinned magnetic layer having the 
synthetic f errimagnetic structure. By increasing the 
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unidirectional exchange bias magnetic field, the pinned 
magnetic layer can be properly pinned in a predetermined 
direction. 

As shown in Fig. 51, the unidirectional exchange bias 
5 magnetic field decreases as the track width RTw increases. 
However, with the track width RTw of about 0.22 urn, an 
unidirectional exchange bias magnetic field of as high as 
about 100 kA/m is produced. It is thought that a 
unidirectional exchange bias magnetic field of about 80 kA/m 
10 is required for pinning the magnetization of the pinned 

magnetic layer. Therefore, it is found that setting of the 
track width RTw has some degree of freedom. 

Fig. 52 is a graph showing the relation between the 
track width RTw and the reproduction output (AV/RTw) 
15 normalized with the track width RTw. The normalized output 
is determined by dividing a voltage difference AV between 
voltages with uniform magnetic fields of ±4000 Oe (±31 kA/m) 
applied in the height direction by the track width RTw. 

Fig. 52 indicates that the normalized output slightly 
20 decreases as the track width RTw increases, but the 

normalized output is maintained at 12 mV/^im or more even when 
the track width RTw exceeds 0.2 |xm. 

Fig. 53 (Comparative Example) is a schematic drawing 
showing the partial section of a magnetic detecting element, 
25 as viewed from a surface facing a recording medium. The same 
film structure as that of the magnetic detecting element 
shown in Fig. 50 is used. As shown in Fig. 53, magnetization 
of the free magnetic layer is oriented in the track width 
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direction. However, a permanent -magnet layer and second 
ant i ferromagnetic layer for controlling the magnetization of 
the free magnetic layer are not provided. As shown in Fig. 
53, magnetizations of the first and second magnetic layers 
5 are antiparallel to each other in parallel with the height 
direction (the Y direction shown in the drawing) , 

Like in the case shown in Fig. 50, in Fig. 53, the 
thickness of the second magnetic layer is X A, and the 
thickness of the first magnetic layer is Y A. The thickness 
10 of each of the magnetic layers was changed to determine the 
relation between the track width RTw and unidirectional 
exchange bias magnetic field, and the relation between the 
track width RTw and normalized output. Unlike in the 
magnetic detecting element shown in Fig. 50, in the magnetic 
15 detecting element shown in Fig. 53, a space is not formed in 
the first ant i ferromagnetic layer in the track width 
direction (the X direction) , but the first ant i ferromagnetic 
layer is provided over the entire surface of the first 
magnetic layer. However, as shown in Fig. 53, a space is 
20 provided, in the track width direction, in the electrode 
layer provided on the first antif erromagnetic layer. The 
width dimension of the space in the track width direction 
(the X direction) corresponds to a track width RTw which is a 
physical track width (Physical Read Track Width) . 
25 Fig. 54 indicates that the magnitude of the 

unidirectional exchange bias magnetic field little changes 
with increases in the track width RTw. Fig. 55 indicates 
that the normalized output does not change with increases in 
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the track width RTw. 

The magnetic detecting element according to an 
embodiment of the present invention comprises a first 
ant i ferromagnetic layer having the space in the track width 
5 direction, as shown in Fig. 50. However, a comparison 
between Pigs. 51 and 54 shows that the unidirectional 
exchange bias magnetic field Hex* in the example is lower 
that that in the comparative example. This is possibly due t 
the fact that in the example, the first ant i ferromagnetic 
10 layer is not provided on the central portion of the first 

magnetic layer, and thus no exchange coupling magnetic filed 
occurs in the central portion of the element. However, it is 
found that in the example, the unidirectional exchange bias 
magnetic field Hex* sufficient to properly pin the 
15 magnetization of the pinned magnetic layer can be obtained by 
properly controlling the track width RTw. 

As described above, the minimum unidirectional exchange 
bias magnetic field is thought to be about 80 kA/m. 
Therefore, Fig. 51 shows that with a track width RTw of 0.2 
20 iim or less, the unidirectional exchange bias magnetic field 
of about 80 kA/m or more can be obtained. 

A comparison between Figs. 52 and 55 indicates that the 
normalized output in the example is higher than that in the 
comparative example. This is possibly due to the fact that 
25 in the example, the first ant i ferromagnetic layer is not 

provided on the central portion of the first magnetic layer, 
and thus a shunt loss of the sensing current flowing from the 
electrode layer is decreased. 
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Namely, it is found that in the example in which the 
first antiferromagnetic layer is not provided on the central 
portion of the first magnetic layer, the unidirectional 
exchange bias magnetic field sufficient to pin the 
5 magnetizations of the first and second magnetic layers of the 
pinned magnetic layer can be obtained, and the reproduction 
output can be increased, as compared with a conventional 
magnetic detecting element. 

Also, Figs. 51 and 52 indicate that the unidirectional 

10 exchange bias magnetic field and normalized output can be 
increased by decreasing the thickness of each of the first 
and second magnetic layers and decreasing the thickness 
difference between both magnetic layers. 

Next, a magnetic detecting element in which a second 

15 antiferromagnetic layer was provided below the free magnetic 
layer shown in Fig. 50 was manufactured. In this case, the 
track width RTw was about 0.2 ^m. 

The magnetic detecting element was used for examining 
the relation between a synthetic magnetic moment (Nest Mst) 

20 per unit and ease (sensitivity) of magnetization rotation of 
the central portion of the pinned magnetic layer with a 
magnetic field in the track width direction, the synthetic 
magnetic moment (Next Mst) per unit area being obtained by 
subtracting the magnetic moment per unit area of the first 

25 magnetic layer from the magnetic moment per unit area of the 
second magnetic layer. Also, the relation between a 
thickness difference and ease (sensitivity) of magnetization 
rotation of the central portion of the pinned magnetic layer 



- 125 - 



with a magnetic field in the track width direction was 
examined, the thickness difference being obtained by 
subtracting the thickness of the first magnetic layer from 
the thickness of the second magnetic layer. 
5 In experiments, the thickness of each of the first and 

second magnetic layers was changed to change the magnetic 
moment (saturation magnetization Ms x thickness t) per unit 
area of each of the first and second magnetic layers. Then, 
a ratio {AV (±100 Oe/AV (±4000 Oe) } of a voltage difference 

10 (AV) between voltages with external magnetic fields of ±100 
Oe to a voltage difference (AV) between voltages with 
external magnetic fields of ±4000 Oe was determined (an 
external magnetic field of +100 Oe represents the direction 
and magnitude of an external magnetic field, for example, in 

15 the track width direction, and an external magnetic field of 
-100 Oe represents the direction and magnitude of an external 
magnetic field in a direction opposite to the track width 
direction; and an. external magnetic field of +4000 Oe 
represents the direction and magnitude of an external 

20 magnetic field, for example, in the track width direction, 
and an external magnetic field of -4000 Oe represents the 
direction and magnitude of an external magnetic field in a 
direction opposite to the track width direction) . The ratio 
AV (±100 Oe/AV (±4000 Oe) is an index for a degree of 

25 rotation of magnetization of each of the first and second 
magnetic layers in a weak magnetic field, i.e., the ratio 
indicates the sensitivity of the pinned magnetic layer to a 
magnetic field in the track width direction. The magnetic 
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field of 4000 Oe is about 31.6 x 10 4 A/m. 

Fig. 56 is a graph showing the relation between the 
synthetic magnetic moment per unit area and the sensitivity 
{AV (±100 Oe/AV (±4000 Oe) } (simply referred to as 
5 "sensitivity" hereinafter) . Fig. 56 indicates that the 
sensitivity gradually decreases as the synthetic magnetic 
moment per unit area decreases. In Fig. 56 , the sensitivity 
possibly becomes 0 near the synthetic magnetic moment per 
unit area of 1 (T-nm) . It is also found that with the 

10 synthetic magnetic moment per unit area of 1.5 (T-nm) or less, 
the sensitivity can be suppressed to 0.2 or less. 

In the experiments, it was found that the sensitivity 
can be effectively decreased by decreasing the synthetic 
magnetic moment per unit area within a range. 

15 Fig. 57 is a graph showing the relation between the 

* thickness difference obtained by subtracting the thickness of 
the first magnetic layer from the thickness of the second - 
magnetic layer and the sensitivity {AV (±100 Oe/AV (±4000 
Oe) } (simply referred to as "sensitivity" hereinafter). This 

20 graph shows the same tendency as in Fig. 57 that the 

sensitivity gradually decreases as the thickness difference 
decreases. Fig. 57 shows that the sensitivity possibly 
becomes 0 near the thickness difference of 5 A, and the 
sensitivity can be suppressed to 0.2 or less by decreasing 

25 the thickness difference to 10 A or less. 

Next, a second magnetic layer was formed in a three 
layer structure of Co 90at% Fe 10at% (10 A) /Ni 80at% Fe 20at% (30 
A) /Co 90at% Fe 10at% (6 A) which are deposited in that order from 
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below. In this structure, a value in parentheses shows the 
thickness of each layer. 

Also, the nonmagnetic intermediate layer was formed to a 
thickness of 9 A by using Ru, and the first magnetic layer 
5 was made of Co 90at% Fe 10at% . The thickness of each of the 

magnetic layers was changed to change the magnitude of the 
synthetic magnetic moment per unit area and the thickness 
difference between the first and second magnetic layers. 
Fig. 58 is a graph showing the relation between the 
10 synthetic magnetic moment (Nest Mst) per unit area and the 
sensitivity {AV (±100 Oe/AV (±4000 Oe) } (simply referred to 
as "sensitivity" hereinafter) , the synthetic magnetic moment 
per unit area being obtained by subtracting the magnetic 
moment per unit area of the first magnetic layer from the 
15 magnetic moment per unit area of the second magnetic layer. 

Fig. 58 indicates the same tendency as in Fig. 56 that 
the sensitivity decreases as the synthetic magnetic moment 
per unit area decreases. In Fig. 58, the sensitivity rapidly 
changes with the synthetic magnetic moment per unit area of 
20 2.6 (T-nm) as a boundary. Namely, the sensitivity greatly 
changes with the synthetic magnetic moment per unit area of 
2.6 (T-nm) as an inflection point. 

Fig. 58 also indicates that the sensitivity becomes 0.2 
or less when the synthetic magnetic moment per unit area is 
25 2.6 (T-nm) or less. 

Fig. 59 is a graph showing the relation between the 
thickness difference obtained by subtracting the thickness of 
the first magnetic layer from the thickness of the second 
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magnetic layer and the sensitivity {AV (±100 Oe/AV (±4000 
Oe) } (simply referred to as "sensitivity" hereinafter) . 

Fig, 59 indicates the same tendency as in Fig, 57 that 
the sensitivity decreases as the thickness difference 
5 decreases . 

Fig. 59 indicates that the sensitivity rapidly changes 
with the thickness difference of 30 A as a boundary. Namely, 
the sensitivity greatly changes with the thickness difference 
of 30 A as an inflection point. Fig. 59 also reveals that 

10 the sensitivity becomes 0.2 or less when the thickness 
difference becomes 30 A or less. 

In the experiments performed for examining the relations 
shown in Figs. 56 to 59 , the magnetization of the free 
magnetic layer was pinned by the exchange coupling magnetic 

15 field produced between the free magnetic layer and the second 
antif erromagnetic layer formed below the whole under surface 
of the free magnetic layer, and thus the sensitivity was 
greatly due to a change in magnetization of the central 
portion of the pinned magnetic layer. Therefore, the 

20 synthetic magnetic moment per unit area and the thickness 

difference are preferably set to decrease the sensitivity as 
much as possible so that the magnetization of the pinned 
magnetic layer can be properly pinned. 

In the present invention, the preferred synthetic 

25 magnetic moment per unit area and thickness difference are 
determined based on the experimental results shown in Figs. 
56 to 59. 

The preferred sensitivity of the central portion of the 
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pinned magnetic layer will be described below. Fig. 58 
indicates that the sensitivity rapidly changes with the 
synthetic magnetic moment per unit area of 2 . 6 (T-nm) as a 
boundary, and the sensitivity can be suppressed to 0.2 or 
5 less when the synthetic magnetic moment per unit area is 2.6 
(T-nm) or less. 

Fig. 58 also reveals that the absolute value of the 
sensitivity can be suppressed to 0.2 or less by setting the 
synthetic magnetic moment per unit area in the range of -6 

10 (T-nm) to 2.6 (T-nm). 

It is also found that a spin flop magnetic field becomes 
high with the plus synthetic magnetic moment. Therefore, 
with a high spin flop magnetic field, magnetization pinning 
of the pinned magnetic layer can be optimized, and the 

15 manufacturing process can be facilitated. Particularly, when 
the first antif erromagnetic layer is disposed above the free 
magnetic layer, and the second antif erromagnetic layer is 
used as a magnetization control layer for the free magnetic 
layer, magnetic field annealing performed for producing the 

20 exchange coupling magnetic field between the free magnetic 
layer and the second antif erromagnetic layer causes a 
limitation that the magnitude of the magnetic field applied 
in magnetic field annealing for producing the exchange 
coupling magnetic field between the first antif erromagnetic 

25 layer and the first magnetic layer constituting the pinned 
magnetic layer must be lower than the exchange coupling 
magnetic field produced between the free magnetic layer and 
the second antif erromagnetic layer. Therefore, when the 
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first ant i ferromagnetic layer is disposed above the free 
magnetic layer, and the second antif erromagnetic layer is 
used as the magnetization control layer for the free magnetic 
layer, the synthetic magnetic moment is preferably set to a 
5 plus value because the spin flop magnetic field can be 

increased to widen the margin for the applied magnetic field 
and improve ease of the manufacturing process. 

When the synthetic magnetic moment is 0 (T-nm) , the 
magnetic moment per unit area of the first magnetic layer is 

10 equal to the magnetic moment per unit area of the second 
magnetic layer, and thus which of the first and second 
magnetic layers becomes a dominant layer (in which 
magnetization is oriented in the direction of the applied 
magnetic field) in magnetic field annealing cannot be 

15 determined. It is thus difficult to pin the magnetizations 
■> : of the first and second magnetic layers in an antiparallel 
state in parallel with the height direction. It is thus 
necessary that the synthetic magnetic moment is not 0 (T-nm) . 
In the present invention, the preferred synthetic 

20 magnetic moment is thus -6_ (T-nm) 2.6 (T-nm) (except 0 T-nm). 
When the first antif erromagnetic layer is disposed above the 
free magnetic layer, and the second antif erromagnetic layer 
is used as the magnetization control layer for the free 
magnetic layer, the preferred synthetic magnetic moment is in 

25 the range of 0 (T*nm) 2.6 (T-nm). 

In each of the structures shown in Figs. 3 to- 8 in which' 
the second antif erromagnetic layer is not used, and only one 
time of magnetic field annealing is performed, or in each of 
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the structures shown in Figs. 10 to 12 in which the pinned 
magnetic layer disposed on the lower side, and magnetization 
of the pinned magnetic layer is pinned by first magnetic 
field annealing, the synthetic magnetic moment may be less 
5 than 0 (T-nm) because annealing can be performed in a strong 
magnetic field (a magnetic field in which the magnetizations 
of the first and second magnetic layers are parallel to each 
other in the same direction) . 

However, in the experiments performed for obtaining the 

10 results shown in Fig. 56, the magnetic detecting element 
comprising the first and second magnetic layers made of a 
CoFe alloy was used. In this case, the sensitivity can be 
suppressed to 0.2 or less by setting the synthetic magnetic 
moment to 1.5 (T-nm) or less. Therefore, when both the 

15 magnetic detecting element comprising the first and second 
magnetic layers are made, of the CoFe alloy, the synthetic 
magnetic moment is more preferably set to 0 (T-nm) to 1,5 
(T-nm) . 

Next, the preferred thickness difference will be 
20 described. Fig. 59 indicates that in order to suppress the 
absolute value of the sensitivity to 0.2 or less, the 
thickness difference may be -30 A to 30 A. However, with a 
minus thickness difference, the same defect as described 
above easily occurs when the first antif erromagnetic layer is 
25 disposed above the free magnetic layer, and the second 

antif erromagnetic layer is used as the magnetization control 
layer for the free magnetic layer. In this case, the 
thickness difference is preferably a plus value. 
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In the experiments performed for obtaining the results 
shown in Fig- 59, the second magnetic layer having the three 
layer structure of CoFe/NiFe/CoFe was used, and the first 
magnetic layer having the single layer structure of CoFe was 
5 used. Therefore, the saturation magnetizations of the first 
and second magnetic layers were different values. Thus, even 
when the first and second magnetic layer have a same 
thickness, i.e., even when the thickness difference is 0 A, 
the synthetic magnetic moment per unit area does not become 0 
10 (T-nm) . 

In the present invention, the preferred thickness 
difference is thus -30 A to 30 A. Therefore, when the first 
ant i ferromagnetic layer is disposed above the free magnetic 
layer, and the second ant i ferromagnetic layer is used as the 

15 magnetization control layer for the free magnetic layer, the 
thickness difference is, preferably 0 A to 30 A. 

However, in the experiments performed for obtaining the 
results shown in Fig. 57, the magnetic detecting element 
comprising the first and second magnetic layers made of a 

20 CoFe alloy was used. In this case, the sensitivity can be 

suppressed to 0.2 or less by setting the thickness difference 
to 10 A or less, and when the thickness difference is 0 A, 
the synthetic magnetic moment becomes to 0 (T-nm) . Therefore, 
the thickness difference is more preferably set to 0 A to 10 

25 A. 

In the above-described experiments, as shown in Fig. 50, 
the first antif erromagnetic layer had the space in the track 
width direction, and a nonmagnetic metal layer having the 
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same composition as that of the first ant i ferromagnetic layer 
was not provided in the space. 

Thus, experiments were performed with attention to the 
nonmagnetic metal layer and the first magnetic layer 
5 constituting the pinned magnetic layer. 

First, a CoFe layer (first magnetic layer) was laminated 
on a PtMn layer (nonmagnetic metal layer) with changing 
composition ratios of the PtMn layer for examining changes in 
magnetostriction of CoFe. 
10 The multilayer film below was deposited and annealed at 

290°C for 4 hours. In the multilayer film below, a second 
magnetic layer and free magnetic layer were omitted because 
only the magnetostriction of the first magnetic layer was 
measured. 

15 Silicon substrate/alumina (1000 A) / (Ni 0 #8 Fe 0 -2 ) 6o Cr 40 ( 52 

A) /PtxMn^o^ (30 A)/Co 0o Fe lo (20 A) /Ru (9 A) 

The magnetostriction was measured by an optical lever 
method. A magnetic field was applied in parallel with the 
film plane of the multilayer film with a laser beam applied 

20 to the surface of the multilayer film. A deflection of the 
multilayer film due to magnetostriction was read as a change 
in the reflection angle of the laser beam to measure the 
magnetostrictive constant of the multilayer film. 

The results are shown in Fig. 60. Fig. 60 indicates 

25 that the magnetostrictive constant of the multilayer film 

increases as the Pt concentration of the PtMn layer increases. 
Particularly, the magnetostrictive constant rapidly increases 
with the Pt concentration of 51 atomic percent or more, and 
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the rate of increase in the magnetostrictive constant 
decreases with the Pt concentration of 55 atomic percent or 
more. 

This is possibly due to the fact that the crystal 
5 lattice constant of PtMn increases as the Pt concentration of 
the PtMn layer increases, and thus a distortion near the 
interface between the PtMn layer and the CoFe layer increases . 

Next, a CoFe layer was laminated on a PtMn layer, and a 
Co layer was laminated on a PtMn layer for comparing the 
10 magnetostrictive constants of Co and CoFe, 

The multilayer film below was deposited and annealed at 
290°C for 4 hours. 

Silicon substrate/alumina (1000 A) / (Ni 0 ^ 8 Fe 0-2 ) 60 Cr 40 (52 
A)/Pt 50 Mn 50 (0 A or 30 A) /Pin 1 (X A) /Ru (9 A) /Cu (85 A) /Ta 
15 (30 A) (wherein Pin 1 represents Co 90 Fe 10 or Co) 

The magnetostriction was measured by an optical lever 
method. 

The results are shown in Fig. 61. With the PtMn layer 
provided below the first magnetic layer (referred to as "Pin 

20 1" hereinafter) , the magnetostrictive constant is higher than 
that without the PtMn layer whether the Pin 1 comprises Co or 
CoFe. When the Pin 1 comprises Co, the magnetostrictive 
constant is higher than that when the Pin 1 comprises CoFe. 
When the Pin 1 comprises Co, and the PtMn layer (3 0 A) 

25 is provided below the Pin 1, the magnetostrictive constant 
increases as the thickness of the Pin 1 increases in the 
range of 16 A to 20 A. However, the magnetostrictive 
constant decreases when the thickness of the Pin 1 increases 
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from 20 A. 

This indicates that, the effect of increasing the 
magnetostrictive constant by a distortion produced near the 
interface between the Pin 1 and the PtMn layer decreases as 
5 the Pin 1 becomes excessively thick . 

Next, a PtMn layer was laminated on the Pin 1 for 
comparing the magnetostrictive constants of Co and CoFe. 

The multilayer film below was deposited and annealed at 
290°C for 4 hours. 
10 Silicon substrate/alumina (1000 A) / (Ni 0 , 8 Fe 0-2 ) 60 Cr 40 (52 

A)/Cu (85 A)/Ru (9 A) /Pin 1 (X A) /Pt 50 Mn 50 (0 A or 30 A) /Ta 
(30 A) (wherein Pin 1 represents Co 90 Fe 10 or Co) 

The magnetostriction was measured by an optical lever 
method. 

15 The results are shown in Fig. 62. With the PtMn layer 

provided above the Pin 1, the same tendency as that with the 
PtMn layer provided below the Pin 1 is shown. 

Namely, with the PtMn layer provided above the Pin 1, 
the magnetostrictive constant is higher than that without the 

20 PtMn layer whether the Pin 1 comprises Co or CoFe. When the 
Pin 1 comprises Co, the magnetostrictive constant is higher 
than that when the Pin 1 comprises CoFe. When the Pin 1 
comprises Co, and the PtMn layer (30 A) is provided above the 
Pin 1, the magnetostrictive constant increases as the 

25 thickness of the Pin 1 increases in the range of 16 A to 19 A. 
However, the magnetostrictive constant decreases when the 
thickness of the Pin 1 increases from 19 A. 

Next, a PtMn layer was laminated o a multilayer film of 
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a laminated synthetic f errimagnetic structure for measuring 
magnetostriction. The multilayer film below was deposited 
and annealed at 290 °C for 4 hours. In the multilayer film, a 
free magnetic layer was omitted because only the 
5 magnetostriction of a pinned magnetic layer was measured. 

Silicon substrate/alumina (1000 A) / (Ni 0 8 Fe 0 2 ) 60 Cr 40 (52 
A)/Pt 50 Mn 50 (30 A) /Pin 1 (6 A) /Ru (9 A) /Pin 2 (40 A) /Cu (85 
A)/Ta (30 A) (wherein each of Pin 1 and Pin 2 represents 
Co 90 Fe 10 , Fe 50 Co 50 or Co) 
10 The magnetostriction was measured by a bending method. 

In the bending method, the multilayer film was bent to apply 
a uniaxial distortion, and the magnetostrictive constant is 
measured by a change in uniaxial anisotropy due to a reverse 
magnetostrictive effect. The results are shown in Table 1. 

15 



Table 1 



First magnetic layer 


Co 90 Fe 10 


Co 


Fe 50 Co 5 Q 


Second magnetic layer 


Co 90 Fe 10 


Co 


Co 90 Fe 10 


Xs (ppm) 


+13 .6 


+54.4 


+29.5 



The experimental results reveal that with the Pin 1 and 
Pin 2 each made of Co, the magnetostrictive constant is 
20 higher than that with the Pin 1 and Pin 2 each made of CoFe. 
The experimental results shown in Figs. 60 to 62 and 
Table 1 indicate that for example, when the nonmagnetic metal 
layer 100 having a small thickness (50 A or less) and the 
same composition as that of the first ant i ferromagnetic layer 
25 30 is provided in the space of the first ant i ferromagnetic 
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layer 30, as shown in Fig. 18, the magnetostrictive constant 
of the central portion 29b of the first magnetic layer 2 9 can 
be increased, and the magnetization of the central portion 
29b of the first magnetic layer 29 can be stably pinned by 
5 the magnetoelastic effect. 

In the present invention described in detail above, a 
pinned magnetic layer comprises a first magnetic layer in 
contact with a first ant i ferromagnetic layer, a second 
magnetic layer facing the first magnetic layer in the 

10 thickness direction, and a nonmagnetic intermediate layer 

interposed between the first and second magnetic layers, and 
the first antif erromagnetic layer has a space formed therein 
in the track width direction. Also, in both side portions of 
at least the first magnetic layer in the track width 

15 direction, the first antif erromagnetic layer is provided in 
contact with both side portions in the thickness direction to 
produce exchange coupling magnetic fields only between the 
first antif erromagnetic layer and both sides portions of the 
first magnetic layer. Therefore, magnetization of the pinned 

20 magnetic layer can be pinned, reproduction output can be 
improved, and narrowing of the gap can be realized. 
Furthermore, a magnetic detecting element with high 
resistance to electrostatic damage (BSD) can be manufactured. 
Thus, a magnetic detecting element adaptable for a future 

25 higher recording density can be provided. 
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CLAIMS 

1. A magnetic detecting element comprising: 

a multilayer film comprising a first ant i ferromagnetic 
5 layer, a pinned magnetic layer, a nonmagnetic material layer 
and a free magnetic layer, which are laminated in that order 
on a substrate; and 

a magnetization control layer for controlling 
magnetization of the free magnetic layer, 
10 wherein the pinned magnetic layer comprises a first 

magnetic layer extending in the track width direction in 
contact with the first ant i ferromagnetic layer, a second 
magnetic layer facing the first magnetic layer in the 
thickness direction, and a nonmagnetic intermediate layer 
15 interposed between the first and second magnetic layers, the 
magnetizations of the first and second magnetic layers being 
antiparallel to each other; 

the first ant i ferromagnetic layer has a predetermined 
space in the track width direction so that the first 
20 antiferromagnetic layer is in contact with both side portions 
of the first magnetic layer in the thickness direction; and 

the electric resistance in the space changes in relation 
to the magnetization direction of the free magnetic layer and 
the magnetization direction of the second magnetic layer. 

25 

2. The magnetic detecting element according to claim 1, 
wherein the multilayer film comprises a free magnetic layer, 
a nonmagnetic material layer, a pinned magnetic layer and a 
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first antiferromagnetic layer, which are laminated in that 
order from below, and the magnetization control layer 
comprises a second antiferromagnetic layer provided below the 
free magnetic layer to have a predetermined space in the 
5 track width direction so that the magnetization control layer 
is in contact with the bottoms of both side portions of the 
free magnetic layer, the first antiferromagnetic layer being 
in contact with the tops of both side portions of the first 
magnetic layer constituting the pinned magnetic layer. 

10 

3. The magnetic detecting element according to claim 2, 
wherein the magnetization control layer comprises permanent- 
magnet layers in direct contact with both side portions of 
the free magnetic layer, 

15 

4. The magnetic detecting element according to claim 2, 
wherein assuming that the minimum dimension of the. space, 
provided in the first antiferromagnetic layer in the track 
width direction is WP, and the minimum dimension of the space 

20 provided in the magnetization control layer in the track 

width direction is Wfl, Wfl is the same as or smaller than WP. 

5. The magnetic detecting element according to claim 1, 
wherein the multilayer film comprises a free magnetic layer, 

25 a nonmagnetic material layer, a pinned magnetic layer and a 
first antiferromagnetic layer, which are laminated in that 
order from below, the magnetization control layer comprises ' 
permanent -magnet layers provided on both sides of at least 

- 140 - 



the free magnetic layer and the nonmagnetic layer in the 
track width direction, the pinned magnetic layer is disposed 
on the nonmagnetic material layer to partially or entirely 
extend from the nonmagnetic layer to the permanent -magnet 
5 layers, and the first ant i ferromagnetic layer is provided in 
contact with the both side portions of the first magnetic 
layer constituting the pinned magnetic layer. 

6. The magnetic detecting element according to claim 5, 
10 wherein both side regions comprising the respective 

permanent -magnet layers are disposed on both sides of at 
least the free magnetic layer and the nonmagnetic material 
layer in the track width direction, and the pinned magnetic 
layer is provided on the nonmagnetic material layer to extend 
15 from the nonmagnetic material layer to both side regions of 
^ the element . 

7. The magnetic detecting element according to claim 5, 
wherein both side regions comprising the respective 

20 permanent -magnet layers are disposed on both sides of at 

least the free magnetic layer, the nonmagnetic material layer 
and the second magnetic layer and nonmagnetic intermediate 
layer constituting the pinned magnetic layer in the track 
width direction, and the first magnetic layer constituting 

25 the pinned magnetic layer is provided on the nonmagnetic 
intermediate layer to extend from the nonmagnetic 
intermediate layer to both side regions of the element . 



- 141 - 



8. The magnetic detecting element according to claim 5, 
wherein assuming that the minimum dimension of the space 
provided in the first ant i ferromagnetic layer in the track 
width direction is WP, and the minimum width dimension of the 

5 free magnetic layer in the track width direction is Wf2, Wf2 
is the same as or smaller than WP. 

9. The magnetic detecting element according to claim 1, 
wherein the multilayer film comprises a first 

10 ant i ferromagnetic layer, a pinned magnetic layer, a 

nonmagnetic material layer, and a free magnetic layer, which 
are laminated in that order from below, and the first 
ant i ferromagnetic layer is provided with a predetermined 
space in the track width direction so that the first 

15 antiferromagnetic layer is in contact with the bottoms of 
both side portions of the first magnetic layer in the track 
width direction. 

10. The magnetic detecting element according to claim 9, 
20 wherein the substrate provided below the first 

antiferromagnetic layer has recessed portions provided in 
both side portions in the track width direction to have a 
predetermined depth, the first antiferromagnetic layer being 
disposed in the recessed portions with the predetermined 
25 space in the track width direction. 

11. The magnetic detecting element according to claim 9, * 
wherein the magnetization control layer comprises a second 
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antiferromagnetic layer provided on the free magnetic layer 
to make contact with both side portions of the free magnetic 
layer and have a predetermined space in the track width 
direction. 

5 

12. The magnetic detecting element according to claim 
11, wherein assuming that the minimum dimension of the space 
provided in the first antiferromagnetic layer in the track 
width direction is WP, and the minimum dimension of the space 
10 provided in the magnetization control layer in the track 

width direction is Wf3, Wf3 is the same as or smaller than WP. 

13. The magnetic detecting element according to claim 9, 
wherein permanent -magnet layers each serving as the 
15 magnetization control layer are provided on both sides of the 
x free magnetic layer in the track width direction so that the 
bottoms of the permanent -magnet layers are positioned above 
at least the pinned magnetic layer. 

20 14. The magnetic detecting element according to claim 

13 , wherein assuming that the minimum dimension of the space 
provided in the first antiferromagnetic layer in the track 
width direction is WP, and the minimum width dimension of the 
free magnetic layer in the track width direction is Wf4, Wf4 

25 is the same as or smaller than WP. 

15. The magnetic detecting element according to claim 4, 
wherein the minimum dimension WP is 0.2 urn or less. 
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16. The magnetic detecting element according to claim 1, 
further comprising electrode layers provided on both side 
portions of the multilayer film in such a manner that the 
direction of a sensing current magnetic field formed by a 
sensing current flowing from the electrode layers to the 
multilayer film coincides with the direction of a synthetic 
magnetic moment per unit area of the magnetic layers 
constituting the pinned magnetic layer. 

17. The magnetic detecting element according to claim 1, 
further comprising a nonmagnetic metal layer having the same 
composition as that of the first ant i ferromagnetic layer and 
provided in the space to make contact with the first magnetic 
layer, the nonmagnetic metal layer provided in the space 
being a disordered crystal structure layer thinner than the 
first ant i ferromagnetic layer. 

18. The magnetic detecting element according to claim 
17, wherein the crystal of the first magnetic layer is 
epitaxial or heteroepitaxial with the crystal of the 
nonmagnetic metal layer, the end surface of the pinned 
magnetic layer is open near a surface facing a recording 
medium, and the nonmagnetic metal layer is made of a PtMn 
alloy or X-Mn alloy (wherein X is at least one element of Pt, 
Pd, Ir, Rh, Ru, Os, Ni, and Fe) . 

19. The magnetic detecting element according to claim 
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18, wherein in the vicinity of the interface with the central 
portion of the first magnetic layer or over the entire region 
of the nonmagnetic metal layer, the nonmagnetic metal layer 
assumes a face -centered cubic lattice (fee) structure in 
5 which an equivalent crystal plane represented by a {ill} 
plane is preferentially oriented in parallel with the 
interface . 

20, The magnetic detecting element according to claim 
10 18, wherein the thickness of the nonmagnetic metal layer is 5 

A to 50 A. 

21. The magnetic detecting element according to claim 
18, wherein the Pt content of the PtMn alloy or the content 

15 of X element in the X-Mn alloy is 55 atomic percent to 95 
atomic percent . 

22, The magnetic detecting element according to claim 
18, wherein in the vicinity of the interface with the 

20 nonmagnetic metal layer or over the entire region of the 
central portion of the first magnetic layer of the pinned 
magnetic layer, at least the central portion facing the 
nonmagnetic metal layer in the thickness direction assumes a 
face-centered cubic lattice (fee) structure in which an 

25 equivalent crystal plane represented by a {ill} plane is 
preferentially oriented in parallel with the interface. 

23. The magnetic detecting element according to claim 
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22 , wherein the first magnetic layer of the pinned magnetic 
layer is made of Co or Co x Fe y (y <> 20, x+y « 100) . 



24 . The magnetic detecting element according to claim 
5 18, wherein in the vicinity of the interface with the 
nonmagnetic metal layer or over the entire region of the 
central portion of the first magnetic layer of the pinned 
magnetic layer, at least the central portion facing the 
nonmagnetic metal layer in the thickness direction assumes a 
10 body-centered cubic lattice (bcc) structure in which an 
equivalent crystal plane represented by a {110} plane is 
preferentially oriented in parallel with the interface. 



25. The magnetic detecting element according to claim 
15 24 , wherein the first magnetic layer of the pinned magnetic 
layer is made of Co or Co x Fe y (y > 20, x+y = 100) . 



26. The magnetic detecting element according to claim 
18, wherein in the vicinity of the interface with the 

20 nonmagnetic metal layer, at least the central portion of the 
first magnetic layer of the pinned magnetic layer facing the 
nonmagnetic metal layer in the thickness direction assumes a 
face-centered cubic lattice (fee) structure in which an 
equivalent crystal plane represented by a {ill} plane is 

25 preferentially oriented in parallel with the interface, and 
in the vicinity of the interface with the nonmagnetic 
intermediate layer, the central portion assumes a body- r 
centered cubic lattice (bcc) structure in which an equivalent 
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crystal plane represented by a {110} plane is preferentially 
oriented in parallel with the interface. 

27. The magnetic detecting element according to claim 

26, wherein the first magnetic layer of the pinned magnetic 
layer has a composition comprising Co or Co x Fe y (y < 20, x+y 
= 100) near the interface with the nonmagnetic metal layer, 
and the first magnetic layer of the pinned magnetic layer has 
a composition comprising Co x Fe y (y £ 20, x+y = 100) near the 
interface with the nonmagnetic intermediate layer. 

28. The magnetic detecting element according to claim 

27, wherein the first magnetic layer of the pinned magnetic 
layer has a Fe concentration gradually increasing in the 
direction from the interface with the nonmagnetic metal layer 
to the interface with the nonmagnetic intermediate layer. 

29. The magnetic detecting element according to claim 
18, wherein a value obtained by dividing the difference 
between the distance of nearest neighbor atoms of the 
nonmagnetic metal layer and that of the central portion of 
the first magnetic layer of the pinned magnetic layer in the 
planar direction parallel to the interface by the distance 
between nearest neighbor atoms of the first magnetic layer is 
0.05 to 0.20. 

30. The magnetic detecting element according to claim 
18, wherein the first magnetic layer has a positive 
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magnetostrictive constant, 

31. The magnetic detecting element according to claim 
18, further comprising electrode layers made of Cr, oc-Ta or 
Rh and provided on both sides portions of the magnetic 
detecting element in the track width direction. 
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